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Executive Summary

Agricultural drainage provides an essential service taafmers and producers across
the Midwest. However, maintenance and improvements of the drainage system are
very costly.Landowners are charged via taxation based on the amount of benefits
they receive from the drainage system. Currently in Minnesota, benefits are
determined by professional ditch viewers. Little guidanceis provided to them by the
drainage code and the proess is highly laborious. Benefits areurrently assigned

per parcel based on discrete benefit classeBrofessional judgment is an inherenh
component of the assessmeniThe main focus of this projects to investigate
potential methods toimprove on the curent practices. The project is particularly
interested in exploring the usefuhessof geographic and hydrologic modeling
software to automate the process, to objectively identify benefits, and to incorporate
conservation practices in assessmentsilternative methods are not expected to fully
replace field asgssments by certified viewersThey would be used in conjunction
with these assessmentsAlternative methods were evaluatedusing a representative
agricultural watershed in Martin County (JD4).

Geogaphic information systems (GISare widely usedin the management of

natural resourcesto visualize landscape attributes and processe$hese tools were
used extensively in the projectOne of the applicationautilized compared the

current Minnesota methodused to assess benefits with that of OhiaTrhe Ohio

method is similar to the Minnesota method in that it does not use hydrofgic models

to assess benefitsTo evaluate the current methodology, benefits based on the
OEAxAOOS8 OADPI OO0 M natchrtik totaladkeade folcadd BeddiitU A A
class by parcel. The methodology used in Ohio was replicated by selecting GIS layers
that most closely represented the variable used in calculating benefitsOverall, the
Ohio method does not appear to be super to the current Minnesota method.The

use of GIS to improve the Minnesota method was also investigated. This application
did not use hydrologic modes as part of the analysis. Of critical importance was the
identification of depressions requiring the geatest amount of drainage and hilltops
requirin g the least amount of drainageAn algorithm was developed thatused

recursive portioning via classification trees to find relationships betweerthese

areas andindependent variables, such as the convergencedex and nonirrigated

land capability subclass. This methodology wasnable to identify depressional
areaswith sufficient accuracy. A second algorithm was developed for these areas
using ArcHydro. This algorithm used theoptimal stage correspondingto those

digitized benefits classesnthe OE A x A0Od O O A bdth@Qr& GIS llgbEthn® C E
show promise, additional research is needed before they can relighbe used to
automatically determine parcel features.

Instead of using the current Minnesota mdtod of discrete benefit classes, the
project proposed a new methoctalled the UM methodbased ondrainage volumefor
each parcelThe UMmethod does notuse professional judgmentto assign benefit
classesThe method does, however, require an estimate oi¢ surface and
subsurface drainage volumdor each parcel.These volumeswere obtained by



coupling GIS aalyses with hydrologic models.Two models were used to explore the
usefulness of the proposed methodDRAINMOD was utilized to determine the
effects ofcontributing area and conservation drainage practices on surface runoff,
drainage depth and water yieldSWAT was used to simulate surface andils-surface
flow per unit area. An important consideration in the SWAT simulations was the
surface runoff from parcels without depressionsflowing into adjacent parcels with
depressions.To represent this processthe SWAT results were integrated with the
ArcHydro depressional analysis tacapture the parcelscale redistribution of surface
runoff and subsurface drairage.The total drainage volume resulting from this
approach was used in an economic benefits analysis to determine the fraction of
benefits for each parcel.

The UMmethod was alsoapplied to the JD4 waterbed. This application was done to
demonstrate howbenefits are shiftedwith the use of conservation drainage
practices. If the application was done for actual assessments, then greater care is
needed in modeling the hydrologic response of JDAwo practices were evaluated:
shallow placement of tiles and ontrolled drainage. Reductionsin total drainage
volume underthese practiceswere calculatedusing DRAINMODThese resultswere
incorporated into the SWAT and the economic benefitsere recomputed.Parcels
with conservation drainage had a reduction in thie fraction of benefits while other
parcelshadan increase in their fraction of benefitsA greater reduction was
obtained with the controlled drainage practice The reduction in fraction benefits
decreased as more parcels imphlaented conservation practi@s.This trend was
likely a consequence of the relatively simple framework used in the project.

Challenges faced in discerning benefit®r depresional areaswere successfully
addressed through ArcHydro depressional analyses. SWAT analysis proved effeeti
at quantifying parcelscale distribution of flow. Utilizing the results from SWAT to
assign benefits based on a continuous valuation system by drainage depth volume
will help to improve accuracy of benefits assignments. Applying these alternative
methodologies prior to manual, in field assessments will likely save time and money
in the assessment process. DRAINMOD provided useful predictions of the effect of
conservation drainage practices. Knowledge of the corresponding reductions in
drainage depth volune and fraction of benefits per parcel can be utilized as part of
the decision making process of applying conservation drainage practices within a
watershed.
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Chapter 1
INTRODUCTION

Background

The focus of this project is to investigate potential methodfor assessing benfts of
agricultural drainage. The project is particularly interested in exploringa
framework that could be used to incentivize ladowners to reduce runoff and
loading to drainage systems.Properly functioning drainage systems are important
for many reasons, ranging from crop production to protection of homes and
buildings. Subsurface drainagéas contributed greatly to increases iragricultural
production in Minnesota since the 19 century. Well-drained agricultural land
generally delivers yields higher crop production, less yield variability from year to
year, higher land value, and more convenient timing of field operationsesuting in
increasesin farm profits and property tax bases(Taff, 1998).

The Minnesota Board of Water and Soil Resources (BWS3R)06) estimated there

are at least 21,400 miles of drainageitthes in Minnesota while Taff (1998)

reported that 27,000 of the 9,000 miles of waterways in Minnesota werealrainage
ditches.BWSR estimated the total length gbublic drainage ditches in the state to be

at least 17,300 miles (data was unavailable from two counties with known public
drainage systems) (BWSR, 2006plthough theseestimates vary, it is obvious that

ditches playa significantrolein OEA EUAOI 1T CcU 1T £ - ETT1TAOI OA

@)

Qu

The cost of maintaining drainage systemm Minnesotais high.For example,
Freeborn County(south-central Minnesota)collects $00,000 to $1,000,000
annually for drainage ditch and tile main maintenance and othezxpenses relating
to the approximately 100 public drainage systemst oversees(Dennis Distad,
Freeborn County (MN) Auditor,personal communication July 2013. These sysems
comprise 344 miles of open ditclesand 391 miles ofpublic tile lines (tile mains),
which is an average annual cost of $68to $1360 per mile of open ditch otile main,
of which more is sper on open ditches than tile lines (Distagd2012).

ProjectGaals

Theoverall goal of this study is to develop a runofbased benefit and cost
assessment framework for drainage systems that can assess benefitted lands based
on use of the drainage systenAssociated goals are to:

1. Create incentives for landowners to mplement conservation practices that
reduce runoff contribution to drainage systems;



2. Allow drainage authorities to incrementally update benefits assessments as
conservation practices are adopted, and without the need for costly
redeterminations of benefits and

3. Maintain fairness and transparency in benefits determinations to ensure that
assessed benefits closely match real benefits.

Ideally, a new approach woulcencourage water conservation in tile drained
landscapes in Minnesota, while continuing to improg fairness, objectivity, and
transparency inbenefit and cost determinations.Although not a goal of this project,
a reduction in overall drainage system repair and maintenance costs could be
realized by achieving theabovegoals

Overview of theReport

To work toward the project goals,it is important to first develop a broad
understanding ofdrainage law in Minnesota, as well athe methodsused to
AAOGAOI ET A AAAE 1 AT AT x1 A0O6 O OEdnxakriallisE OEA
covered in Chapter 2Alternative methods for assigning drainage benefits are
evaluated and compared using a representative agricultural warshed in Martin
County (JD4)Characteristics of this watershe are also given in Chapter 22
comparison to drainage lawsystemfunctionality, and benefit assessment methods
across the Midwest andn Ontario is given in Chapter 3Parallels are also drawn
between agricultural drainage systems andirban drainage(stormwater) systems in
Minnesota.The current Minnesota method for assessing bafits is labor intensive.
To automate the process, the use of GIS tools was explored. This work is presdnt
and discussed in Chapter 4The project proposed new method based onrdinage
depth for each parcelThis method requires an estimate of the surhce and
subsurface dainage depth for each parcelThese depths were obtained by coupling
GlSresults with hydrologic models. The method and results are given in Chapter 5.

AOAE



Chapter 2
BENEFIT ASSESSMENTMINNESOTA

Minnesota Drainage Law

A complex lggal framework governing agricultural drainage systemsin Minnesota;
this framework is covered inChapter 103E of the Minnesota Statutehereatfter,
Drainage Code)This section provides an abridged overview of relevant statutesn
Drainage CodeWhere appicable,specific sourcestatutes from Drainage Codeare
referenced in parentheses

Definitions
Some useful definitionsfrom Drainage Codg103E.005) are:

1 "affected" means benefited or damaged by a drainage system or project.

1 "ditch" means an open channelat conduct the flow of water.

1 "drainage authority " means the board or joint countydrainage authority
having jurisdiction over a drainage system or project.

1 "drainage project " means a new drainage system, an improvement of a
drainage system, an improvemenbf an outlet, or a lateral.

1 "drainage system" means a system of ditch or tile, or both, to drain property,
including laterals, improvements, and improvements of outlets, established
and constructed by a drainage authority.

1 "lateral " means any drainage cortsuction by branch or extension, or a
system of branches and extensions, or a drain that connects or provides an
outlet to property with an established drainage system.

Drainage System Administration

Drainage systems are administered by drainage authoritg a drainage authority is
usually a county board, but can be a joint county board for systems in more than one
county. Authority can also be transferred to watershed districts, which may oversee
areas in more than one countyThree Minnesotacounties (Clagy, Traverse, and
Washington) have completely transferred drainage authority to watershed districts
(Kean, 2012).

s o~ oA N s

From Drainage Cod¢103E.011),04 EA AOAET ACA AOOET OEOU 1 AU

1. construct and maintain drainage systems,

2. deepen widen, straighten, or change the channel or bed of a natural
waterway that is part of the drainage system or is located dhe outlet of a
drainage system,

3. extend a drainage system into or through a muicipality for a suitable outlet,
and

[



4. construct necessary dikes, dams, ancbntrol structures and power
Apbl EAT AAOh DPOIi POh AT A DPOIPETC T AAEET AOU
Drainage Code specifies thatrainage authorities must consider various land use
AT A AT GEOTT1T AT O AAAOT 0OOh AOG xAl1 AO ODPOAI EA
egablishing a drainage project or other work affectinga public drainage system
(103E015).$ OAET ACA AOOEI OEOEAO AOA Al 01 OANOEOAA
to serveas drainage inspectord EA ET OPAAOT O OOEAI 1T AGAI ET A O

Drainage System Financing

The costs of projects and proceedings relating to public drainage systems are shared
by the owners of all property affected by the drainage systenit.is therefore

necessary to apportion system cds amongst the landownersDrainage Code states
OEAO AOAET A ChAusthegbdtafed to dathdrértof pioperty affected in
direct proportion to the benefits othat each tract receives {03E601). This

requires work to be done to quantify the benefits that each tract or parcel receives.

In Minnesota, ditch viewers fill this le; their work is describedin detail in later
sections of this report

Drainage authorities collect taxes from affected landowners to pdpr all costs,
including: ditch maintenance, improvements, engineering design, surveying, and
system administration. Each drainage system is handled as a unique entity, and
must have its own account {03E651). Minor projects (repairs, etc.) are generally
paid from the account.If the account balance is insufficient to payhe cost of a
drainageproject, as is common for improvements and major repairghe drainage
authority issues bonds to pay the project costs (Distad, 2012).

Types oProjects and Proceets

The Associaion of Minnesota Counties (AMCyivesan excellent overview of
Drainage Code and identifiedhree main categories of drainage system projects:
new systems, repairs, and improverants (AMC, 2002)There are other unique
projects, some of whech fall into one of the aforementioned categories to varying
degrees.Some projects and proceedingeequire petitions by landowners. AMC
(2002) reported that landowner petitions are required for the following types of
project and proceedings:

New systems;

Improvements;

Outlet improvements;

Laterals;

Diversion or impoundment of drainage system waters;
Repairsthat meet certain cost criteria;

Useof system as an outlet;

Transfer of a system; and

Abandonmentof a system

©Coo~NoOO~WNE



Furthermore, the following types of prgectscan be initiatedeither by landowner
petition or by the drainage authority:

1. redetermination of benefits;

2. consolidation or division of a system;

3. repairs or maintenance expected to cost less than $50,000 $1,000 per mile,
in one year; and

4. transfer ofa system

All petitioning landowners must own land that is affected by the proposed project,
or land over which the project would passThe minimum number of landowners
who must petition (either a minimum fraction of landownerr the landowners
controlling aminimum fraction of the land affecteplvaries by project type(AMC,
2002; Drainage Codg

Ditch Viewing

Ditch viewing (viewing, hereafte EO OEA OBPOT AAOGO 1T £ AAOAOI ET EI
DIl OOEITO T £ A DPOI bl@publE thpravdme@B OADDOOEA OOAAIT A
(Minnesota Viewers Association, 2004)The importance of the viewing process was

summarized in the Minnesota Public Drainage Manu@MPDM) (Minnesota

Department of Natural Resources (MNDNR)991): 04 EA AOOECI 1 AT O 1T £ AAI
damages is probaly the most controversial part of drainage proceedingsv/iewing,

as this process is called, not only determines if a drainage project is financially

feasible, but also provides a formula for distributing construction costs as well as

future maintenance cats of a drainage projecfO6 EAx AOO T AAA O EAOA E
of agriculture, topography, residential developments, and soils found typically in the

project area.They must be able to read and understand soils maps, aerial photos,

and engineeringandsurveA AOA8 8 1T EAAAT OAAI T £ OEAxAOC
I £/ OOOCAI TOOAAT ADPDPOAEOAI OAAMNDERIIOAYOh OT EI OA
Drainage Codd103E.341) states that a drainage authority may only authorize a

AOAET ACA DPOT EAAD E &e ddatdr thanki@ @ialiedtidaled codtAT A EE OO
ET Al OAET ¢ AAI ACAOOOEARAE OGAh PODEAADBOO 1 OO0 A
tract of property affected in direct proportion to the benefits.The cost, less any

damages, is the amount of liability for eactract for the drail ACA DB OT EAAOGS
(103E.601).This forms the basis for the collection of taxes from landowners to pay

for drainage system costsViewers are an integral part of this process, as their work

establishes the extent to which eacharcel is beneitted or damaged.The benefits

and damages for each pael are added to estimate the total nebenefit to the

drainage system.The total system benefit icompared to the proposed project cost

to verify that the project costs do not exceed the benefits.

Viewers aredefined in Drainage CodA O OAEOET OAOAOOAA OAOGEAAT OO
qualified 0T AOOA OO AAT A ABB305). Addifionaly thidsaikit® giveg

individual drainage authorities the power to esablish qualifications for viewers.

Drainage aithorities must appoint three viewers to serve together to carry out

viewing duties (L03E305). (OThe viewers, with or without the engineer, shall

5



determine the benefits and damages to all property affected by the proposed
drainage projectand make a viewers' report 6 108E311).

The MPDMlists elevenprojects and proceedingghat require viewing by viewers:

New systems;

Improvements;

Improvement of outlets;
Laterals;

Redetermination of benefits;
Outlet fees for municipalities;
Resloping, leveling, erosion aatrol;
Violation of grass strip provision;
. Inclusion of additional land;
10.Removal of lands and

11. Apportionment of liens

©CoNoOr~WNE

Descriptions ofProjects Involvingviewers

This section provides more detail about the eleven ditch projects and proceedings
listed abovethat require the involvement ofviewers. This section follows he layout
of the discussion presented in the Yéwing/ Appraising chapter of the MPDM

New systemsare relatively straightforward as benefits are determined based othe

future drained condition (after establishment of the drainage system) relative to the

present condition with no drainage system.

Animprovement EO AAEET AA AO OOEA OEI EICh Ali AOCEIT C
deepening of an established and constructed drainage system including

construction of ditches to reline or replace tile and construtton of tile to replace a
ditch6(103E.215).For improvement projects,viewers are only concerned with

determining the benefits and damages caused by the improvemeienefits may

only apply to properties directly adjacent to the improvement; benefits may also

apply to upstream properties based onan increase in drainage potential.

Damages relating to improvement projects may includeking of additional land for
right of way or damages due to inreased flooding or risk of flooding downstream of
the improvement. As will be discussed with many types of projects, it may be
prudent to conduct a redetermination of benefits for the entire system along with
the improvement project. This would ensure thd all land within the system is
updated to reflect current land values and productivityIf a redetermination of
benefits is not done on the entire systenthe benefits to landsnot affected by the
improvement would remain at the values last determined, with could have been
done several decades earlieThis inequity in benefits would result in those
landowners with more recently determined benefits bearing a disproportionately
high share of systentosts



The viewing process for aroutlet improvement is very similar to a general
improvement, as discussed abové&he difference is that an outlet improvement can

be done in cases where an inadequate outlet is causing ineffective drainage, flooding,
or overflow onto upstream properties. The outlet improvementwill allow for

improved drainage of upstream properties.

The viewing process for dateral (a new branch from an existing open channel
segment)is similar to that used for a new systemif areas to be draired by the

lateral are already assigned benefits witi the existing drainage system, the
benefits assigned to those properties in the lateral proceeding must only be the
additional benefit due to improved drainage that the lateral will provide Lands not
already assessed as part of the existing system aresassed as they would be with a
new system, and an outlet fee would have to be determined to assess the benefit
that the new lands would get from access to the outlet (where the lateral empties
into the existing ditch).As previouslydiscussed, a redeterrmation of benefits may
be needed to ensure that newly assessed property benefitting from the lateral is not
responsible for a disproportionate amount of overall costs

There are two key reasons for aedetermination of benefits (ROB): to update
benefits and damages to reflect present land values and productivity, and to include
areas that are currently receiving benefits from the system, but so far have not been
assessedenefits. An ROB is treated much the same as a new system, in that all
benefits assessd to lands within the systemare maderelative to the original pre-
drainage condition. This allows for afair evaluation of the benefitsthat the drainage
system affords pr makes possible to landowners wishing to drain).

The addition of land not previousy assessed is a major issue relating to ROBSVSR
(2012) reported several examples, includingudicial Ditch Number 2JD2)in the
Bois de Sioux Watershed District in western MinnesotdD2was assessed a benefit
of $20,507 for 17,577 acres ($1.17 per ae)) in about 1900, but was redetermined to
have benefits of $3,927,667 for 59,690 acres ($65.80 per acre) in 199hus, until
1999 the only land assessed benefits within the system was the original 17,577
acresthat was deemed affected ir1900. Between 1900 and 1999, an additional
42,113 acres of landbegan receiving system benefitsbutthe landowners of the
original 17,577 acres paid all system costgntil 1999 when the ROB was completed.
A similar case in Freeborn County saw a system increase from 394eated acres to
approximately 4,000 affected acres upon redeterminatior(Distad, 2012). While it
may be unreasonable tacconduct ROBswith regularity , there are many cases where
somelandowners are paying a disproportionate amount ofystem costs, while
other benefited landowners pay nothing.

BWSR (2012) highlighted another reason to conductreROB:The funds in system
repair accounts are limited to 20 percent of the assessed benefits of the entire
system, or $100,000, whichever is greateSection 103E.71%f Drainage Code also
states that the cost of a repair may not exceed the assessed benefits of the system.
Drainage Code provides no mechanism for indexing drainage benefits for inflation
(BWSR, 2012)Therefore, the ability to proceed with needed repairsnay be limited
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unless a ROB is carried out to update the assessed benetiiicurrent day values

For many of the reasons mentioned here, several counties in Minnesota have carried
out or are now conducting systematic ROBs on all of the systems that they
administer (BWSR, 2012)In casesreported by BWSR (2012), the cost of RGB

ranged from approximately $2.00 to $3.75 per acreThe newly determined benefits
resulting from a ROB replace the previoug determined benefits andthereafter

serve as the basis foall future system cost apportionments.

Outlet fees for municipalities assesses the benefits that municipality receives from
the right to outlet a storm sewer or wastewater systento a drainage system
Benefits to municipalities are generally assessed ffierently than benefits to
agricultural land (MNDNR 1991).This topic is not addressed in this report.

&OT 1 $OAETACA #1 AAg O&1 O A AOArslofngA OUOOAIT (
ditches, leveling waste banks, installing erosion control measures, or renoving

trees, before ordering the repair, the drainage authority must appoint viewers to

assess and report on damages and beneftsy103E.715).Benefits are rarely

assessed in conjunction with these projects, but damages are often paid to pay for

right-of-way for placement of erosion control, grass stripsor flattening of side

slopes(MPDM).

Drainage Codd103E.021) requires that vegetated ditch buffer strips (or grass

strips) of 1-rod (16.5 feet) width be establishedbetween ditches and adjacent fields
incrementally as project involving viewers are carried outViolation of this rule will

result in additional assessment being levied against violating landowner 0 OT PAOOU
that is in violation of the grass requirement shall be assessed a cost of 20 perceht

the repair cost per open ditch mile multiplied by the length of open ditch in miles on

OEA bDOT bA OO Thebffendibdlantoi@is hré assessed the appropriate

fees before the remaining costs are apportioned to all landowners pro rata based on
assigned benefits. (103E.728)

Inclusion of additional land is similar to the case where afrROBassigns benefits to

new parcels Drainage Cod€103E.741) specifies that the engineer (in a proceeding

to repair a drainage system) may notify the drainage auttrity if he or she

OAAGAOI ETAO TO EO 1T AAA AxAOA OGEAO POI PAOOU C
construction of the drainage system has been drained into the drainage system or

EAO T OEAOXxEOA AAT A £E OA Ahe@@inder mOEAbMAaOAET ACA OL
map (along with the repair report) showing all property affected by the drainage
system.Landowners are then notified of a hearing by the drainage authorityA

hearing is held to determine if there are affected lands that have not been assigned

benefits. If this is the case, viewers shall be appointed to carry out a determination

of benefits and damages on the affected lands, and those lara&l associated

benefits are included going forward.

Removal of lands from drainage systems is covered ilsection811 of Drainage Code
which deals with abandonment of asysterl. DAOEOEI T OECI AA AU OAO
of the property owners assessed for the construction of the drainage system or by
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the owners of not less than 51 percent of the area of the propertyssessed for the

AOAET ACA OUOOAI &6 106000 AA pOdedntdsAA O OEA AC
proceeding(103E811). The petitioners must show that the system is not of public

benefit and utility due to abandonment of agricultural property that used the systa,

or because the system no longer functions and its repair is not practical.

If at least one landowner assessed benefits for the system maka written objection

to the system abandonment, the drainage authority must appoint three viewers to

examinethe i DAOOU AT A OADPI OO OEA OAAOAOEDPOEIT Al
xEAOEAO OEA AOAET ACA OUOOAI AOAB®3IESILL O T OEA O~
&1 11T xETC OEA OEAxAOOG6 OADPI OOh A EAAOEIT C EO
authority must determinewhAOEAO OEA OUOOAI OAOOGAO OAT U OO
PDOT PAOOU 1 O O Elfthe @raihade@udtHoritymiégkrhined\tBede is any

benefit to property or to the general public, the petition for abandonment must be

denied.If the drainage authority detemines there is no benefit to property or to the

general public, the system must be ordered abandoned.

The apportionment of liens is aprocess divides existing assessments against a
piece of property following the division of that propertyinto two or more pieces.
MPDM(MNDNR, 1991)reported that the county auditor often carries this out but
viewers can be called to do perform this function if necessary.

+ASHeSNARQ wSL2 NI
The \vE A x A O Gi8 sumrhafizéd in arequired viewerséreport that details the
extent to which eachof the affected propertiesare benefitted and/or damaged

From Drainage Cod¢103E.321), he OEAx AOO8 OADIif@dénchilchdd ET Al OA,
acre tract, and fraction of a lot or tract under separate ownership that is benefitted
or damaged:

C AEEOA

1. adeAOEDPOETT 1T &£ OEA 110 8 OEAO EO AA

2. OEA T AT A0 T £ OEA 1T x1T AOO 8

3. the number of acres in each tract or lot;

4. the number and value of acres added to a tract or lot by the proposed

drainage of public waters;

the damage, if anyto riparian rights;

the damages paid for the permanent strip of perennial vegetation under

section 103E.021;

7. the total number and value of acres added to a tract or lot by the proposed
drainage of public waters, wetlands, and other areas not currently lreg
cultivated,

8. the number of acres and amount of benefits being assessed for drainage of
areas which before the drainage benefits could be realized would require a
DOAI EA xAOAOO xI1 OE PAOIEO OiF x1 OE ET bpOAI

9. the number of acres and amount of beefits being assessed for drainage of
AOAAO OEAO x1 O A AA AT 1 OEAAOAA Ai 1T OAOOEIT I
placed in agricultural production;

i
AT A OEAEO AAAOZ
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10.the amount of right-of-way acreage required; and
11.the amount that each tract or lot will be benefited or damaged

Drainage Code (103E.321¢ 1 AO 11 O1T OAU 064EA OEAxAOOo OAD
benefits and damages statement that shows for each property owner how the

benefits or damages for similar tracts or lots were determined. For similar tracts or

lots the report must describe:

1. the existing land use, property value, and economic productivity;
2. the potential land use, property value, and economic productivity after the
drainage project is constructed; and
3. OEA AATAEEOO T O AAI ACAO &OT i OEA DPOI bl OAA

Drainage CodO OAOAO OEAO OEA OEA OEAxAOO AOA O1 AAT
separately state findings on the disputed issuéd majority of the viewers may

DAOAI Oi OEA OANOE OAWSE.Z220.OpoA cdmpletioEof @& DT OOET C
OEAxAOOSG réepdreniugd BeffileddviEhithe county auditor of each affected

county, or with the watershed district secretary.The auditor then produces a report

Al O T AT AT xT A0OOG OEI xET ¢ All AATAEEOO AT A AAI A
Benefits

Drainage Coddg103E.315) provides guidancez albeit, limited z for assessing

benefits and damagednstructions are given for state land, government property,

public roads, and railroads and other utilites4 EEO 3 AAOETI 1T OOAOAO OOEA
determine the amount of benefits to dlproperty within the watershed, whether the

property is benefited immediately by the construction of the proposed drainage

project or the proposed drainage project can become an outlet for drainage, makes

an outlet more accessible, or otherwise directly énefits the property. The benefits

may be based on:

1. anincrease in the current market value of property as a result of
constructing the project;

2. an increase in the potential for agricultural production as a result of
constructing the project; or

3. anincreased value of the property as a result ai potential different land use;
or

MPDMdefined these benefits aslirect benefits or those benefits attributable to the

construction of public drainage systemsMPDMprovided a further analysis of

benefits. The authors reported that in general, assessments for special benefits to

OAAI AOOAOA ET -ETTAOIOA TAU TT1U AA AAOGAA i
a willing buyer would pay a willing seller for the property before, and then after, the

L A X o~ ~ A

improvementhasbéd T AT T OOOOAOAABS

Other benefits fall into the category ofndirect benefits Indirect benefits were o
defined by MPDMAO OAAT AEZEOO AOT T A DOl BT OAA AOAET AC
I O O IThe€edn@lude onsiderations for proposed systems that would providean

10



outlet for an existing system) T OEEO AAOAh OOEAxAOO OEAI I

asSess:

1. the benefits of the proposed drainage project to each tract or lot drained by
the existing drainage system;
2. asingle amount as an outlet benefit to the existindrainage system; or
3. AATAEEOO i1 A xAOAOOEAA AAOA AAOEOS8G
These benefits would be assigned to the existing system based on the additional
benefit provided to that system by the proposed system or projecAdditionally,
OxEOEET OEA x AOAtteGiedwherdaplojoct idIGraAtéd] ti viéners
may assess outlet benefits on:
1. property that is responsible for increased sedimentation in downstream
areas of the watershed; and
2. property that is responsible for increased drainage system maintenance or
increased drainage system capacity because the natural drainage on the
property has been altered or modified to accelerate the drainage of water
AO0T 1T OEA pOiI PAOOUS8OG
This isessentially the extent of guidancgiven to viewers to carry out assessment of
benefits.

Damages i
From Drainage Codg€103E.315), @lamages to be paid may include:

1. the fair market value of the property required for the channel of an open
ditch and the permanent strip of perennial vegetation under section
103E.021;

the diminished value of a fan due to severing a field by an open ditch;
loss of crop production during drainage project construction;

the diminished productivity or land value from increased overflow; and
costs to restore a perennial vegetative cover or structural practice existing
under a federal or state conservation program adjacent to the permanent
drainage system rightof-way and damaged by the drainage projed.

arwn

More on Benefits and Damages

Drainage @de offers no guidance tawiewers regarding the time value of money
Somebensfits, such as an increase in the current miget value of agricultural land
or an increase in the market value based on a potential different land @smake
sense ane-time benefits. However, this is not the case foan increase in the
potential agricultural productivity as a result of a drainage project in this case a
farmer may realize an ongoingincrease in crop yields While there are methods for
converting present-day values to annual benefits, and vice versa, there is no
indication of what is expeded of viewers.

Asis the case folbenefits, some damages such as land permanently taken out of
production for a ditch or vegetated buffer stripz seem to make sense as orféne

11
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payments, where the system is in essence purchasiaffected land(or an eagment)
from one or more landowners for the benefit of theentire system.There aresome
damages that may make more sense as annual paymems. example of this is land
that may be likely to suffer losses in yields due to an increased likelihood of
overflow and inundation as a result of a ditch project.

Drainage Code specifies that drainage project costs may not exceed the assessed
benefits of the drainage systemThis seems a reasonable approachsystem repair
costs should not exceed the value of the syste However, because there is no
further limitation on the lifetime costs of a systema drainage project having a cost
just below the assessed benefits of the drainage system could be done every year
without violating Drainage Codeln as little as two yeas, cumulative project costs
could easily exceed the system benefits.

Minnesota Viewers Association

Viewing in Practical Terms

The Minnesota Viewers Association (MVA) was founded in 1981 as thegpessional
organization ofviewers in Minnesaa (MVA, 2012) MVA3 O | EEGDGEpr8lide

an unbiased approach to the determination of benefits and damages as set forth in
Minnesota StatuesThis organization strives to establish a professional approach to
meet the needs and requirements for the viewing proces$he goals for the viewing
process are results that are equitable and defendable given the limited guidance

stated within the Minnesota Statue8 4 EOT OCE AAOAAOQEI 1T OEA OEAXE]
meet and follow the applicable and accepted appraisal practices recuged within
OEA 51T EZA Of 0OAAOEAAO 1T &£ 001 ZAOOEI T Al | PDOAE

TrainingManual

The Minnesota Viewers Association Training ManugdMVATM) (MVA,2004) was
written in an effort to assist in the determination of benefits and damagek.wasthe
first attempt to formally documentand summarizethe procedures generally
accepted byMVA members The following sections provide an overview of the
contents of the MVATM and the standard practices developed by MVA.

Introduction

MVATMdraws from the Standards of Professional Appraisal Practices for ethics and
competency rules MVATM also includes Standards 1 and 6 from the Uniform
Standards of Professional Appraisal Practice governing Real Prope/Aypraisal and
Development, and Mass Appraisal, Delmment, and Reporting, respectively.

The MVATM guides viewers to begin their work by obtaining all relevant records
from county auditors or watersheddistrict offices. These records contain
information pertaining to establishment of the drainage system aah other useful
project records.Viewers are then guided to familiarize themselves with the project
at hand.This may include reviewing engineering drawings, maps, construction

A N £ o~ A s~

AT T OOAAOOh 11 A 6Grigikeerh@répdrisPiarB,awl@ddr doduéniss
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AU AA OOAA Oi AAOA éapakiy, Afficérity)dné s eQt AporO U O O A i
OEA 1T AT A0 AAOAOI ET AA O AA AAT AEEOAAS8O
MVATM provides a list of possible resources available to viewers when gathering

further information relating to the project area: project records, county tax records,

USDA soil surveys, FSA aerial photography, contour maps, zoning and land use

regulation, farm management records, local grain elevatoysand current
photographs.

Benefits Classifications

Viewing is performed as a mas appraisal processwhere OB OT PAOOEAO EAOEIT C
characteristics are assumed to have similar values based upon the market

AT TAEQGET 1O xEOEET O&£A0OQBAQAI I &A OGAT ARPDOAEDIAE &
application of value (benefit), the viewer must de¢rmine the basis and

characteristics for each of the established classificationfdequate classifications to
AEOOET COEOE AEEZAOAT AAO ET OEA AAT AEEOO OE

'Y}

Viewing has historically employed a lettering systengz commonly A, B, C, and Bto

identify distinct benefit classesO4 EA AAOAOEPOEIT 1T £ OEA AiI 1 AEO
prior to drainage or conversion to an agricultural or other use normally assumed

for the four beginning land classes usets:

A. Standing water or cattails, wetland clasfication with a market value for
agricultural purposes of $0.00 per acre, an economic productivity of $0.00

B. Seasonally flooded/pasture groundHighest and best use as pasture or grass
hay harvest having a market value of $ per acre, and economic
productivity of $ based on grazing days and/or hay values.

C. Wet subsoilz Generally farmable land with moderate crop potential having a
current market value of $ per acre, an economic productivity of $
based upon average annual yield of % of optimum with $
production costs.

D. Upland areas not specifically needing artificial drainage but irregular in
shape and intermixed

This classification system helps to group different lands according tdi¢ need for
artificial drainage to becomeOT DOE | Al 1 U forz©p ploGutiorE Thid 6
judgmentis to bemadeaccording to all pertinent information available to the
viewer. The use of soils manuals should be done only in conjunction with field
verifications to properly determine the role of minor inclusions within the major
soil classifications.

4ER -614- xAOT O OEAxAOOG O)O EO OEA OAODI 1 OF
their opinion the acres determined to be benefit the value of each class meet the
characteristics describing each clasand the benefit value assigned to that class is

reflective of the benefit value received by that parce.

The final determination of benefits is to be made according to the conditions
anticipated upon completion of the drainage system (or projectlO 4 Eldssifications
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may be established based upon the change in characteristics of the four beginning
classification descriptions, variables of the after project conditions, or for o o
AT 1T OEAAOAOCEIT 1T &£ 1T O0EAO 1T AT A OOAnh 1O EiIi PAAO
O' AT A &dptionsfofafter project classifications for the four beginning classes

may be:

A. Drained slough area, medium agricultural productivity having a market value
of $ per acre, an economic productivity of $ based upon average
production of % of optimum with $ production costs

B. Well-drained ground, medium to highagricultural productivity having a
market value of $ per acre, an economic productivity of $ based
upon average production of % of optimum with $ qrodu
costs

C. Well-drained ground, highestagricultural productivity having a market value
of $ per acre, an economic productivity of $ based upon average
production of % of optimum with $ production.costs

D. Upland area, highagricultural productivity having a market value of $
per acre, an economic productivity of $ based upon average production
of % of optimum with $ production.costs

Other benefit classifications may be described for limited or special agultural use,
residential development, municipal uses, industrial uses, recreational uses,
accelerated runoff, or others deemed appropriate by the viewers to best reflect the
variable characteristics established to determine a fair and accurate determinain

I £ AAT AEEOS8G

Benefit Valuation

MVATM interprets Drainage Code language concerning benefits to relate to an
increase in market value MVATM uses the following definition of market value:

OOEA 1100 POl AAAT A POEAAh AB 1T £ A ODAAE A&E

equivalent to cash, or in other precisely revealed terms for which the

specified property rights should sell after reasonable exposure in a

competitive market under all conditions requisite to a fair sale, with

the buyer and seller each acting prudenyl, knowledgeably, and for

seltfET OAOAOOh AT A AOOOIi ET ¢ OEAO 1TAEOEAO EO
The three procedures used to estimate market value under standard appraisal
practices are the sales comparison approach, the cost approach, and the income
capitalization approach.MVATM interprets Drainage Codeo direct viewers to
consider the sales comparison and income approacheshis is due to the fact that a
fundamental part of any ditch project is making a determination about the cost
effectiveness of a projectThe viewing process is concerned with the benefits of a
drainage project (i.e. higler land values and/or higher agricultural productivity),
whereas the determination of project costs fall®n the drainage authority and
engineers Thus, viewers areadvised to avoid the cost approach.
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Sales Comparison Approach

The sales comparison approach estimatasarket value by comparing a property to

similar recently sold properties,while OAD DI UET ¢ ADPDPOI POEAOA O1 EOO
and making adjustments to the sale pces of the comparables based upon the

AT AT AT 600 1 AETnsimbtind i©Eadetl dn&xiensivresearch into recent

sales or similar lands in the areaSales data must be available for parcels roth

original (pre-drainage) anddrained (post-project) condition.

2A1T AGAT O OAAT OAO AOA EADPO ET A AEOU 1T 0 Al O1¢C
certificate of real estate value (CRVYhe CR\should be examined to determine the

sale date, sale conditions, financing influence (if any), and parcel descriptiof®r

agricultural lands, the crop equivaént rating (CER) can be used to indicate the

similarity of the lands being consideredFurther records are available from the

AOOAOGOI 060 1T £EEAA OAIl AOE lesyor.dtis inmndtiorOAT OAOET 1
may indude land use, soil types, and CER.

After gathering relevant sales information, viewers begin to make appropriate

adjustments.4 EA OEAxAOQOO 1 600 OOOA OEAEO AoPAOEAT AA
various influences and segments comprising the sale value asvhole.This must be

completed in a manner that will be consistent with the classification of the benefits

AAOACT OEAO AOGOAAI oA AU OEA OEAxAO80

MVATM notes that while the sales comparison approach has historically been the

dominant approach ud in viewing, this approach is becoming increasingly difficult

to employ. This difficulty arises from the lack of sales dands that have not been

artificially drained or affected by drainage systemgo simulate the pre-drainage

condition. MVATM notes ttat while this is a limitation of the sales comparison

approach,the principle of substitution allows the viewer to setan upper limit on the

benefit amount thatone property is assignedPut another way, OAOUA O AAT T 1 O AA
expected to pay more to improve iece of property than it would cost to replace it

with a property thathasd OAAAU AAAT OEI EI AOI U EI Ol OAA8O

Income Capitalization Approach

The income capitalization approach is used to estimate the present value of future

annual benefits to property, which correspondsto AT  OET AOAAOA ET OEA DI
ACOEAOQOI OO0 0 Afiom Brariage ©dd® @A3R1%). This approach involves

estimating the annualincome for both the unimproved and fully improved condition.

The difference between these two amountss the increase inincome due to the

drainage system or projectThis benefit can be capitalized based on rates mfturn

and project termto calculate the present value of the future annual benefits.

For both the unimprovedand drained conditions, the anrual benefitis based on a
wide variety of factors. Revenuedepends on crop type, crop rotation, expected
productivity, and crop prices.Costs to landownersinclude seed, fertilizer, chemicals,
fuel, equipment, etcCostsalso includedrain tile installatio n, which is cawerted to
an annual cost from an asumed present installation cost
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Yield expectations and crop production acreages are to be based on known crop
production from the project area.Generally, yield expectations (as a percentage of
the optimum yield) are given for A through D land classifications.

Case Study WatersheqlJD4

Overview

Judicial Ditch 4 (JD4) in Martin and Watonwan counties hdsen selectedo
illustrate how benefits are assessed witlthe current Minnesota method.The most
recentredetermination of benefits was completed by viewers and submitted to
Martin and Watonwan Counties on November 18, 201 This case study watershed
is also used to compare and contrast alternative methods for assessing benefits
given later in the report.

Vduation Classificationslsing the Minnesota Method

To illustrate the land valuation classifications (A through D) discussed above, a
redetermination of benefits report from 2011 was obtained from MVAfor the JD 4
ditch. The valuation classifications aresummarized in Table 1.

Table 1.Summary of land benefit classifications: preand post-drainage conditions.

Valuation prior to drainage Valuation with NRCS guideline
drainage

Classification Market Economic Productivity Market Economic Productivity
Value (as a percentage of Value (as a percentage of

optimum yield) optimum yield)
A $0 $0 $5500- $701.50 (92%)
6500

B $1000- $60 (grazing and hay) $6500- $732 (96%)
$1500 $7500

C $5500- $610 (80%) $6500- $762.60 (100%)
$6500 $7500

D $5000- $724.38 (95%) $5500- $762.60 (100%)
$7000 $7500

The production costs associated with producing agricultural commaodities in this
watershed was found to be, on average, $314.15 per acidis production cost
applies to all land valuation classes for the posirainage condition, with the
assumption that the drained condition is adequate to allow planting of similar crops
on all lands.For the pre-drainage condition, the production cost applies only to the
C and D classifications, as the B classification had value oa$/hay or grazing land,
while the A classification had no agricultural valueAn example included in the
redetermination of benefits is reproducedin Table 2to further explain this process.
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FromTabledh 0" 6 1 AT A x1 Ol A AA AdGdDEQilebie A AAT AEEOD
increase in economic productivity as a result of shifting the land from grazing and

hay production to row crop agriculture. Table 3 shows the annual and present

equivalent benefits of increased productivity for all four land classificatios. The

AAT AZEO AOOECT AA O1 0%$8 1 AT AOG EO 11 x AOA Oi
of those lands in the predrainage condition.# T T OAOOAT Uh OEA AAT AEEO /
lands is high due to the relatively high productivity in the postdrainage condition,

compared to an assumed productivity of zero in the prelrainage condition.

Table 2.Example of a benefit computation for land with a Blassification.

Annual potential productivity value $762.50
Adjustment for 96% economic efficiency(from Table 1) $732.00
Annual production cost - $314.15
Beginningannual productivity value (from Table 1) - $60.00
Change in annual productivity $357.85
Annual private improvements (drain tile) ($850/25 years) - $34.00
Net annual benefit $323.85
Present value (25 years @ 5%) $4,140

Table 3. Example summary of benefits by landlassification.

Classification Net Annual Benefit Present Benefit Value
(25 years @ 5%)

A $351.35 $4,950
B $323.85 $4 560
C $120.50 $1,700
D $38.13 $540

It is important to note that the income capitalizationand sales comparison
approachessupport the same benefit valueAn increase in land sale value is due to
increased productivity that a producer may expect going forwardThis allows the
estimation of a currert benefit based on thencome capitalization approach.

Efficiency Rate

The dficiency rate is usedby viewers to account for possible loss in production due
to ponded water.Pondedwater may be due to extreme rainfall events, undersized
tile mains, or a conbination of the two. The curve number (CN) method is used in
determination of the efficiency rate.Curve numbers are based on land use or cover,
hydrologic soil group, and tillage practicesFor a given rainfall depth, the CN method
estimates the amount @epth) of rain that will become runoff.Using the CN method
in this way requires the assumption that all runoff will enter the drainage system
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through tile drains and then pass to tile mainsThis neglects any runoff that travels
over the soil surface to a open ditch.

Drainage area ighen used to determine the volume of water that will need to travel
through the drainage system (tile main) to remove all ponded water from the
surface.Known tile main sizes and slopes are used to determine the maximum
discharge that the tile main affords.The time to remove all ponded water from the
soil surface is then calculated as the volume of ponded water divided by the tile
main maximum flow rate.Depending on the amount of time that ponded water is
present on the surfice, a corresponding reduction in crop yield may need to be
accounted for.This process can be repeated for many storms (i.esy2ar, 5year, 10
year, etc. rainfall events) and estimates of crop yield reduction can be made for each
storm event. The net efects of all relevant storm events (based on the project life)
are summed to determine the average reduction in crop yields for a typical year.
This average reflects the many years where crop yields are relatively high, while
also including those relativelyfew years where crop yields are significantly hurt by
standing water.

To calculate the net benefit to a parcel, the gross benefit (as determined from the
income approach) is multiplied by the efficiency rateThose parcels with high
efficiency rates seeittle change between gross and net benefits, while those with
low efficiency rates see a larger reduction in benefit his shifts the burden slightly
towards those parcels with properly sized tile mains, and away from those with
perhaps undersized tile mans where reductions in crop yield due to ponding water
will occur more frequently and with more severity.

The overall efficiency ratefor each parcelis determined from three separately
determined efficiency valueshydraulic efficiency, flooding efficiercy, and proxinity
efficiency. Hydraulic efficiency depends on the hydraulic capaty of tile mains that
provide drainage for each parcelWhen tile mains are undersized (for the given
drainage coefficient and drainage area), drainage from upstream parcesslimited
by the capacity of the undersized tile main.

Flooding efficiency is the aspect of efficiency that was originally described earlier in
this report. The flooding efficiency determines the negative economic impacts of
ponded water as a result of lege storm events.Flooding efficiency is correlated with
hydraulic efficiency to the extent that the area and duration of ponding will tend to
increase as hydraulic efficiency decreaseb cases where hydraulic efficiency is
100% (i.e. the tile main is aéquately sized for the specified drainage coefficient),
flooding efficiency may still be less than 100% due to ponded water resulting from
large storm events (e.g. a 50r 100-year rainfall).

The final efficiency term is proximity efficiency, which is rehdted to the distance that
each 40acre tract is from the drainage system (open ditch or public tile main).
Parcels along ditches and tile mains receive a proximity efficiency of 100%, while
those further from the drainage system will receive lower proximiy efficiencies,
which may decrease by 5 to 15% for each succeeding-4@re field.Because 40 acre
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fields are typically square with a side length of one quarter mile, the proximity
efficiency essentially drops every quarter mile as one moves further awaydm the
drainage systemOne example provided by ditch viewers showed proximity
efficiencies of 85, 70, 50 and 30 percent for parcels that were 1, 2, 4, and 6atfde
parcels (0.25, 0.5, 1, and 1.5 miles) removed from the drainage system, respectively.

To arive at the overall efficiency rate, viewers use professional judgment to
combine the three separate efficiency rates into one final valukittle explanation of
the process was available from viewer<Common sense dictates that the procedure
is relatively straightforward in cases where the three efficiency values are close to
each other.lt is unclear how the three values are weighted when they are not in
good agreement.

Benefits by Parcels

For comparison of Minnesota method to alternative methods examimkin this study,
it is necessary to summary the bnefits by individual parcels.A sample of benefits
for selected parcels 0flD4 is given in Table 4All parcels are from Township 104N,
Range 32W in Martin County

Table 4 Example of omputations for selected parcel for JD 4.

= S s Norrcor+ | Area by benefit 2 &
0%g 2|5 verted or | class (acres) 2|3 2
—_ = | € 2|l c~ . c
TS5 | S 5|28 restricted 2184 &
= g 2 RS E wetland O & & o
o =0 O | < = | acres A|B|C |D|D S e z
4 | NENW | 37.86 6 | 30 $71040 | 85% | $60,384
1 4 | NWNW| 18.84 3/110|5 $30,270 | 90% | $27,243
4 | SWNW | 40 2.00 412419 $57,930 | 100%| $57,930
4 | SENW | 40 1/6(321 $81,585 | 96% | $78,322
4 | NWNE | 38.03 1 $490 80% | $392
2 4 | SWNE | 40 4 |15|24|4 $82,435 | 93% | $76,665
4 | SENE |40 41266 $59,743 | 85% | $50,781
3 5 | NWNW| 37.25]| 2.00 1127 $26,050 | 60% | $15,630
5 | SWNW| 40 4 19 $10,570 | 60% | $6,342
5 | NENE | 13.14| 2.14 1/9 |1 $18,490 | 95% | $17,566
5 | NWNE | 21 1115|4 $29,200 | 85% | $24,820
4 5 | SWNE | 40 1/309 $54,79 | 90% | $49,275
5 | SENE | 37 1.00 3|4/20|4 $67,568 | 100%| $67,568
5 | NENW | 37.35 13256 $58,810 | 70% | $41,167
5 | SENW | 40 2|131|7 $59,450 | 75% | $44,588

The parcel ID (modified in the table to save space), section, and description identify
the parcelsin question. The area of each tract is given in the fourth columhe
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number of non-converted or restricted wetland acres is given in the following

column. This category includes ditches, other areas that are permanently removed

from agricultural production, and wooded areas surrounding farmyardsRoad

acreage is removed from each parcel and the benefits that roads receive are

OAPT OOAA ET A OADBAOA O ARoal 6ehdlits dretpaidiy e OEAx AOOG
owner of the road.Because road benefits are aetatively minor part of the total

drainage benefits, they are not discussed heré cases where grass buffer strips

have not been established in accordance with Minnesota Statute 103E.021, seeding

area required for grass buffer establishment is also repoed by parcel, althaugh this

is not shown in Table 4

The remaining acreage in each tract is then divided into the appropriate benefit
classesAs described earlier in this report, the benefits classes generally range from
A (those lands benefitting mostifom the drainage system) to D (those lands
benefitting the least).D- was used by viewers as an additional class in this system to
categorize commercial agricultural operations (in this case, large buildings used for
hog production) that benefit from the g/stem because they generate increased

runoff. It should be noted that D is simply indicative of a fifth class, and does not
necessarily indicate a connection with the D benefits class; in fact, the per acre
benefit assigned to D ($2030) falls between thevalues of the B and C benefit classes.

The gross benefit is calculated as the sum of the benefits for each benefit class
(Figure 1). Net benefit is the product of gross benefit and effiency rate (Figure 2).
Efficiency rate is calculated aslescribed eatier. Below are maps depicting the use of
the Minnesotaviewing method to assign benefitdo JD4as the fraction of net and
gross watershed benefits (x 100 for ease of interpretation) by quartequarter

parcel (parcel-gq). The creation of Figures 1 and 2aquired the conversion of the
viewer's report into a GIS framework. Theletails of this conversion aregiven in
Chapter 4.

20



Legend

JD4

Benefits Assignment 0 1 Miles
Fraction of Gross Benefits x 100 I |

I ooo-018
B 0.19-0.47
[ Jo4s-0.80
[ o0s81-1.01
B 02127
B 25181

Figure 1. Map of the fraction of gross benefits x 10fly quarter-quarter parcel.
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Legend

JD 4
Benefits Assignment 0 1 Miles
Fraction of Net Benefits x 100 I |

I oo0-0.18
I 0.19-0.47
[ Joa4s-080
[ os1-1.01
B o2-127
I 2s-181

Figure 2. Map of the fraction of nebenefits x 100 by quarter-quarter parcel.
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Chapter 3
BENEFIT ASSESSMENT IN OTHER JURISDICTIONS

Introduction

It is usefulto consider how drainage benefits are determined in other intensively
drained areas Information from lllinois, Indiana, lowa, North Dakota,Ohio, and
Ontario is summarized in the following sectionsThere are inevitably, many aspects
of drainage systens and correspondinglegal proceedings that cannot be covered in
this report. In general, a brief overview of drainage system administration and
organization is presented along with relevant information pertaining to the manner
in which benefits and damages are assignetlhese summaries are not meant to be a
comprehensive review of all aspects of drainage lam these jurisdictions.

Specifically relating to benefit and damage assessments, there are generally many
levels of oversight and communication between officials (drainage boards, county
auditors, county surveyors etc.),drainage professionals (engineers, surveyors, etg.)
and landowners.The power of landowners in these proceedings (petitions, appeals,
etc.)will be largely overlooked here, as this report deals primarily with themanner
in which benefits and damages ardetermined.

lllinois
In the lllinois Drainage Code (Section 1-2), a®Ditch" means an artificially
constructed open drain or a natural drain whichhas been artificially improvedd AT A
aODrain" includes ditch and means any water course or conduit, whether open,
covered or enclosed, natural or artificial, or partly natural and paly artificial, by
which waters coming or falling upon lands are carried awag. The Farm Drainage
Act, passed in 1879, provided for the formation of drainage districts in lllinois
(Uchtmann and Gehris, 1997)Courts have held that landowners cannot be faed to
join a drainage district if their property has perfect natural drainageThus, a
drainage district must show that a property has imperfect natural drainage to
obtain jurisdiction over that property. Uchtmann and Gehris (1997gave a
summary of practical issuesrelating to court rulings, which have an influence on
matters relating to drainage districts and their operation.These issues include:
1. 0! OOAOOI AT 606 AAT AA 1 AOGEAA 111U ACAET 00 A
2. Assessments on land cannot exceed the benefits thhe land will receive.
3. Assessments are not limited to land alone but may be levied against
improvements, providing that there are benefits.
4, O" A1 A ABE &thiated value of the proposed drainage works to a
particular property? AOA T1T O 1 Ei HDOAA OO0 OAC EHAOIUG AA
but may include other kinds, such as those occurring to a railroad or
manufacturing concern; therefore, assessments may be levied against such

property.
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5. Landowners are entitled to a court hearing on the question of benefits bef®
they can be compelled to pay drainage assessments.

6. Drainage districts are public corporations charged with specific
governmental functions and, if necessary, may acquire rights in land by
instituting eminent domain proceedings and payingyst compensaton to the
I xT A @eéngmann and Gehris, 1997)

The primary method by which a drainage district is established is by landowner

petition (Uchtmann and Gehris, 1997)Upon the successfuéstablishment of a

drainage district, three temporary commissioners areappointed to the drainage

district. The tempaary commissioners must examinghe land to determine the

feasibility of the project and the associated costs and benefits. A registered

professional engineeris required to assist with this activity.A report of the

AT i1 EOOETTAOOS6 AZ£ETAEIT CO 1 0060 Al OlA AA Al i D
EAAOEI ¢ EO OEAT EAI Ah AZEOAO xEEAE OOEA AIl

|
OC

Orm

1. confirm the report and enter the prescribed order declaring the district
organized;

2. modify the report and confirm it;

3. order the commissioners to review and modify the report before it is
confirmed; or

4. find that the district should not be organized because the benefits do not
AgAAAA O@®dhtmanh &nd Gedirés, 1997)

Drainageassessmentsare grouped into three classificatims within lllinois Drainage

Code.These classifications are known asriginal assessments, annual maintenance
assessments, or additional assessmengBlinois Drainage Code, Section). The

I OECET Al AOOAOOI AT O EO OEAGGigalwb&hd £ O OEA
A E O OhE @nfual dnaintenance assessmesdre levied to carry out annual

routine maintenance within the district. Additional assessments are levied to cover

all expenses not covered by the original or annual maintenance assessments

Original assessments are determined by the commissioners after the establishment
of the drainage district. The original assessments of benefits, damages, and

Al 1T DAT OAOGETT AOA AOOECT AA OI OAI1T 1 AT AOh 11¢C
the district other than public highways, streets and alleys, which, in their opinion,
xET 1T AA AAT AEEOAAR OAEAT 1 O APihiAkagellChdeAU OEA E

Section 52). It appears that lllinois Drainage Code allows for annual maintenance
assessments an@dditional assessments to be collected in proportion to the original
assessment, as no other direction is provided to the commissioneiso specific
direction about the nature of assessmens of benefits is provided in lllinois Drainage
Code, and no otherriformation was readily available at the writing of this report.
However, lllinois drainage proceedings seem to require much more involvement
from the courts system than proceedings in other states (lllinois Drainage Code,
Sectiors 1-4 and 5-19, for examplg.
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Indiana

Indiana law allows for the combination of city and county government (as a

OAT T OI 1 EAAOGAA AEOU6qh AO EO OEAKknBWnOA xEOE )1
officially as Unigov) (Indiana Code 363). There are some differences in drainage

law pertaining to consolidated cities.This discussion will focus on general issues

related to counties that do not contain consolidatedites.

A regulated drain isdefinedasOAT 1T DAT AOAET h A OEI AA AOAET h
Oxitdd T DBAT A OA Edr artficial opeA chhnAddtBetzérries surplus water

and was established under or made subject to any drafnC A O OMAIIBADIGIR B 6

OA OEI AA AEAT T Al OBnd Gas AstaklishEdutder@dmadel 00 x AOAO
OOAEAAO O1T AT U AianA Edde3ea®R7-)O0A000A806 ) 1

Chapter 27, Article 9, Title 36 of Indiana Cod@C) pertains to drainage law within

the state.On first adoption, Section 4 of this chapter established drainage boards in

each county within Indiana.A board consistsof either the caunty execuive, or three

or five persons.! DT ET OAAO T OEAO OEAT OEA AQAAOOEOA |
within the county who are knowledgeable in drainage matter8 la addition, the

county surveyor serves on théboard as a nonvoting membe(IC 36-9-27-5). Joint

boards are created in cases wherprojects involve more than one county.

IC 36-9-27-29 outlines the duties and powers of county surveyors as follow€The
county surveyor is the technical authority on the construction, reconstruction, and
maintenance of all regulated drains or proposed regulated drains in the county, and
he shall:

1. investigate, evaluate, and survey all regulated drains or proposed regulated
drains, and prepare all reports, plans, profiles, and specifications necessary
or incident to any proposed construction, reconstruction, or maintenance of
regulated drains;
2. prepare and make public standards of design, construction, and maintenance
that will apply to all regulated drains and their appurtenances, taking into
AT T OE A A OA Oltlishéd reSom@éndatiobsOnade by Purdue University,
the American Society of Agricultural Engineers, the American Society of Civil
Engineers, the United States Department of Agriculture, the department of
natural resources, the United States Army Corps of Bimeers, and other
reliable sources of information;
3. supervise all construction, reconstruction, and maintenance work performed
under this chapter;
4. catalog and maintain a record of all surveying notes, plans, profiles, and
specifications of all regulated dains in the county, and of all mutual and
private drains when available; and
5. perform the functions set forth in sections 67 through 69 of this chapter
AT TAAOTET C All OOAAT AOAET O O1 AAO EEO EOC
&OOOEAOI T OAh OEA 0OO0O0O0 Aetid@inshGng dolinty ashdraihsO OE £U Al
in need of construction, drains in need of periodic maintenancey drains that
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OET O1 A AA OA-R7A30) ATAese clagsifications are performed annuallya
report of drain classifications andpriority is then made to the drainage board (IC
36-9-27-34). Redassifications can also be petitioned for by at least 10 percent of the
landowners affected by a drainA reclassification is then considered at a hearing,
whereupon the drainage board adopts an appropriate clasgtation. IC 36-9-27-36
states that upon adoption of classifications by the boarddhe county surveyor shal
prepare a longrange plan for:

1. the reconstruction of regulated drains classified as in need of reconstruction;
2. the establishment of an annual maitenance assessment for regulated drains
classified as in need of periodic maintenance; and
3. OEA OAAAOQGEIT ¢ 1T £ OAcOI AGAA AOAET O Al AOOE £E
Thelong-range plan is then subject to approval by the board, and may be amended
by the board at any timeThe board is required toreconsider the longrange plan for

every drain annually. There are three resulting drainage proceedings to note:
periodic maintenance, reconstruction, and construction of a drain.

For each of these three procedings, the board refers the specified drain to the
county surveyor, at which time the surveyor prepares a reportFor periodic
i AET OAT AT AAh OEA OOOOAUIT 060 OADPI OO 1 OO0 ETAI
1. the estimated annual cost of periodically maintaining the drain;
2. the name and address of each owner of land that will be affected by the
POl i OAA 1 AET OAT AT AARh AT A OEA 1 ACAT AAOGAC
3. the nature of the maintenance work and how frequently the work should be
performed. (IC 369-27-38)

From IC 369-27-0 wq, tkebdard receives a maintenance report under section
38 of this chapter, it shall prepare a schedule of assessments that includes the
following items:

1. A description of each tract of land determined to be benefited, and the name
and address of the owneras listed on the county surveyor's report.
2. The percentage of the estimated cost of periodically maintaining the drain to
AA AOOAOOAA ACAET OO AAAE OOAAO 1T &£ 1 AT A8
3. The amount annually assessed against each tract of land for maintenance.
The board may considethe factors listed in section 112 of this chapter (explained
AAT T xq ET DPOAPAOETI ¢ OEA OAEAAOQI A8d
From IC 369-27-49, for a reconstruction project, the surveyor is charged with
AAOAOI ETET ¢ OEA OAAOGO AT A AEAAPAOGO IWAOET Ao ~
drain all affected land.The surveyor must also make appropriate maps, profiles,
plans, and specifications for the reconstruction, as well as estimate the total cost of
the reconstruction. The surveyor must also make an estimate of the annual cost of
periodic ally maintaining the proposed reconstruction.From IC 369-27-50, after
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a schedule of assessments and damages.

The main outcome of any Indiana drainage proceeding that the drainage board

adopts a schedule of benefits and damages to reflect the proceeding at havidch

the like Minnesota Drainage Code, the Indiana Code provides little guidance to

boards on how to determine benefits and damagelC 36-9-27-112 provides a list of
factors that boards may considerwhen determining benefits and damages:

1. the watershed affected by the drain to be constructed, reconstructed, or
maintained,;

2. the number of acres in each tract;

3. the total volume of water draining into or throughthe drain to be
constructed, reconstructed, or maintained, and the amount of water
contributed by each land owner;

4. the land use;

5. the increased value accruing to each tract of land from the construction,
reconstruction, or maintenance;

6. whether the varioustracts are adjacent, upland, upstream, or downstream in
relation to the main trunk of the drain;

7. elimination or reduction of damage from floods;

8. the soil type; and

9. any other factors affecting the construction, reconstruction, or maintenance.

To obtain information about how the assessment of benefits and damages is actually
performed in Indiana, a county surveyor wascontacted by phoneZach Beasley, the
Surveyor of Tippecanoe County (Lafayette, IN) reported that the vast majority of
counties in the northerntwo-thirds of Indiana (there is little need for agricultural
drainage in southern Indiana) determine benefits and damagédsr agricultural
landsstrictly on a per acre basi{Zach Beasley, personal communication, July 30,
2012). This means that each acraffected by the drain is assessed the same benefit
for maintenance or reconstruction, regardless of location or agricultural land use.
There are some differences in how urban areas are handled, but those are not of
particular interest here. Surveyors do, lowever, have the power to recommend that
certain areas (such as buffer strips along the tops of ditch banks) be chargeaver
assessments than other areas, although this mot common (Beasley, 2012). In
general, surveyors do have the authority to perforrmore complicated, indepth
surveys of affected lands as part of the assessment process, this is not
commonplace (Beasley, 2012).

lowa

From the lowa Drainage Law ManuglIDM)j ¢ mmto dh OAT U AT 61 6U AT AOA
supervisors is authorized to establish a drainagdistrict whenever that action will N N
AA 1T £ bOAI EA OOEIEOU 10 Ai1 AOGAEOA O bDOAI EA
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After the establishment of a drainage district, the county board appoints three

commissioners to classify the lands to be improved, determingenefits, and assess

costs to each property served (lowa Drainage Law Manual, 200%pwa State Statute

(1SS)468.3 defines commissionersA O OOEA DAOOI 1 O APDPIT ET OAA AT A
classify lands, fix percentages of benefits, apportion and assess costd arpenses

ET AT U 1 AOGAA 1T 0 AOAET ACA AEOOOEAOh THeT | AGO 1 C
three commissioneis must consist of &ompetent civil engineer and two

disinterested freeholdersresiding in the county affected (85468.38).

Commissionersare to submit a detailed report of benefits and cost assessments to

the board (IDM, 2005) ISS468 offers no guidance to commissioners on o to

classify benefitslands receive from drainage systems or projects.

Reclassificationcan beinitiated by the board (or by landowner petition), either in
conjunction with a project or as a stanehlone procedure(lSS 468.65) The board

can decide to conduct a reclassification if it determines that the current

classification is inequitable.Benefits determined as a reslt of a reclassification
replace the original (or most prior) benefits for all purposes going forward.

&1 O DPbOi bi OAA EI DOI OAI AT OO0 1T0O0 1T Ax 1 PAI
OEOAA ADPPOAEOAOO8OT AOOAOO OE Apedditthéshr |
I OEAO EIi bOBIxAd.24)ITHe e gppraisers shall consist of one

engineer and two resident freeholders of the county with no interest in the

proposed improvement.ISS 468.3 defines appraiserd Cappdinted and qualified to
ascertan the value of all land taken and the amount of damage arising from the

AT T OOOOAOQEIT 1T &£ 1 AOGAA AbiOthelcasa feritha @okk ogieD OT OAT Al
commissioners, ISS gives no guidance to how the work of the appraisers should be

carried out.
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The lowa State Association of County Auditor€2012) statesOE A O s€egshent(bA
classification of land in a drainage district is based on the benefit that land is seen to
receive from being in the districtoAt the time of this writing, there were no other
readily available sources that explained the practical nature ofadermining benefits
and damages in lowa.

North Dakota

Chapter 6121 of the North Dakota Century CodeNDCC)deals with drainage
projects in the state.Projects are generally initiated as aesult of a petition by
landowners in the project areaPetitions are submitted to the board of managers of
a water resource district and if the board deems further investigation is called for, a
competent surveyor or engineer is designated to assist theoard. The surveyor or
engineer is responsible for making plans and specifications for the proposed drain.
The surveyor or engineer is also responsible for estimating the cost of the drainage
project, and for determining the lands affected by the drain ormject. Chapter 61
21 p¢c OOAOAO OEAO OOEA AOOEI AGA 1T &£ AT 00O POAD
be in sufficient detail to allow the board to determine the probable share of the total
costs that will be assessed against each of the affected landows& the proposed

s z AN 2 9~ A -

AOAET ACA AEOOOEAODS8G
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NDCC gives no indication of how benefits are to be assignethwever, lurther
investigation with the North Dakota Water Commission suggests that these benefits
are based only on contributing, or affected, area (AaroGarranza,North Dakota

State Water Commissionpersonal communication July 31, 2012. Costs for future
repairs and maintenance are apportioned to the affected lands based on the last
determination of benefits.Redeterminations of benefitsmay be conducted and the
resulting benefits replace the prior determined benefits for future proceedings.

Ohio

There are four procedures that are used in Ohio to initiate drainage projects: Mutual
Agreement, County Petition, Conservation Works of Improvemetienate Bill160),
and Ohio Conservancy District Law (Atherton, Brown, Fausey, and Hitzhusen, 2004).

Atherton, Brown, Fausey, and Hitzhusenl©99) provided a thoroughoverview of
various methods used in Ohio to determine benefits from public drainage systems.
The authors identified seventeen distinctmethods in useby county engineers and
soil and water conservation districtsacross the stateThe methodswere categorized
into three groups: simple multiplicative index, complex multiplicative index and
methods which uge derived financial benefits The methods aresummarized in

Table 5; athorough review of each of the assessment methods is given following the
table. A brief explanation of all the modeparameters described in Table s given
here:

Az benefitted area

D z drainage class factor

E z elevation factor, relating the elevation of the parcel to the project area
F z flood factor, related to a reduction in flooding

Gz ring factor, usually expressed as a percentage

H z hydrologic soil group factor

| zZincrease n productivity factor

L z length factor, e.g. length of a project used or % of a project used

M z degree of problem correction factor

N z need for problem correction factor

Rz remoteness factor, usually a function of the distance to the ditch project
Sz subsurface drainage adjustment factor

T z topography factor or slope factor

U z land use factor

V Z runoff volume factor
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Table 5 Summary of methods and associated variables used to determine benefits
in Ohio (adapted from Atherton et al.,1999).

Variables Used in Method

AssessmentMethod A U L R D EH S GTNMI V F
Methods which use a simple multiplicative index
Acre Equal ) S e

Benefit Units X X == e e e e e e e e e e e
Putnam County X X X = = = = = e e e
Benefit Acres X X X X == = = e e e e e e
Sandusky County X = X X X == = == == = o e e e
Fairfield County X X X X - = X - = — - — - - -
Preble SWCD O = = = O = = = e s = =
Defiance County X X - - - X X X = = = —= = - -
Methods which use a more complex multiplicative index
Target X == e e e e e e X e e e e e
Varied X = X X = = = = = = - - -
Parcel Benefit Factor X X X X - - - -« — - — - - - -
Paulding County X X X X = = = X = = = = = - -
Benefit Adjustment X X X - - = X - - X X X X - -
Formula

@ Montgomery County X - X X - X - X - - - - X X X

. Methods which use financial benefits

£ Moran Obligation benefit based on accelerated runoff (curve

Q number method) and equal to assessable cost; drainage

[} . . - :

= benefit based on increased productivity and locating

Q within drainage system (factors E, R, 1)

% Sectionalized Obligation benefit based on accelerated runoff (curve

< number method); drainage benefit based on increased

@ productivity, location, soils (factors E, R, freeboard of

Qo outlet, I, S)

2 Miami County Most complex benefit method; based on increase in

»©

productivity (crop yields, crop prices, production costs,
drainage class), location (E, R), and drainage factor (S)

*An X indicates that a variable is included in the model.

Methods Employing a Simple Multiplicative Index
The simplest of these methods is th&cre Equal method (Eqg. 1)

5 b @)

where B is the benefits ($). This methodssignsan equal benefit to each affected
acre within the project area(A), regardless of land user other factors. The Benefit
Units method (Eqg. 2)

6 827y 2)
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addsa land use facto (U) to the Acre Equal method, whictshifts a larger portion of
maintenance costs tdhose land use activities that tend to contributamore runoff
per acre. For example, the Putnam County Engineer and Putnam County SWGSDIl
and Water Cmservation District) use U values of 0.1, 1.0, and 2.0 for woods and
pasture, cropland, and residential and commercial propertiegespectively. The Van
Wert County Engineer uses values of.Q for agricultural cropland and 1.5 for
residential and commercid; no value was reported for woods and pasture Many of
the following assessment methods also employ a land use factbtany of the U
values used in the methods below are napecifiedhere, although a tlorough
overview of valueswas given by Atherton et d. (1999).

The Putnam County method (Eg. 3)
6 027Yz) 3)

adds a factor (L) to account for the portion of the project length that the runoff from

each parceltravels. This factor apportions higher relative benefits to those lands

that are more upstream in the project watershedecauserunoff from more

upstream parcels will travel through a greater portion of the project to the outletL

xAO AAZET AA AU ! OEAOOTIT AO A1 8 jpwwwq AO
outlet and point when the water from thenth parcel enters the projet, to the length

I £ OEA AT QEpprdachHe<0rie foliile dsd upstream parcels and zero for

the most downstream parcels.

The Benefit Acres method (Eq. 4)
6 027Yz0z'Y (4)

addsa remoteness factor (R), which is based on the location of each parcel relative
to the main project location. This assumeghat the benefit a parcel derives from a
project is alsoinversely related to its distance from the poject. The Henry County
SWCD calculate® asone minus the ratio of@he distancealongthe flowpath from

the main project to theparceldto Ghe length of entire flowpath in that reachdWhen
used in conjunction,R and L values for a particular parcel vligenerally be inversely
related.

The Sandusky County method (Eg. 5)
6 0z0z'Yz0 (5)

is similar to the Benefit Acres method, but replaces the land use terfl) with a
drainage class facto(D). Where the previous variables (A, U, L, R) presented here
are unitless, the drainage class factor has units of@inage kenefit per acre ($).The

D valuesreported by Atherton et al. (1999) ($0 to $160 per acre), suggest that this is
an annual benefit, not an increase in land valu&he Sandusky County engineer uses
seven drainage classifications, ranging from the maximum befit for lands with
subsurface andsurface drainage flowing into the project, and no drainage benefit for

s ~ A s o~ X
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practical or feasible, and land which has not been removed from its naal OO A OA 8 6
Other classifications include: surface drainage only, subsurface drainage only, and
lands for which subsurface drainage is impracticallhe Sandusky County method

also uses a different remoteness factdiR) which ranges from 1.0 to 0.15 for lads

located O to 1 miles and ®&r more miles from the main channel, respectivelyThese
tabulated R values are less subjective than somevRlues used elsewhere in Ohio.

The Fairfield County method (Eqg. 6)
6 06z7Yz0z'YzO (6)

introduces a hydrologic soil group factor (H)H is based on the four hydrologic soll
groups (A, B, C, Diised by the NRCS (Natural Resources Conservation Servite)
values are 0.25, 0.50, 0.75, and 1.00 for A, B, C, and B smspectively.This reflects
the increased need for subsurface drainage ame moves from an A soil to a Boil.

The Preble SWCDmethod (Eq. 7)
6 06z27Yz0z'020 (7)

addsan elevation factor(E), with the assumption that land at higher elevationfias
less need for artificial drainage and theredre receives less benefit frondrainage
projects. Areas falling within elevation bands are identified and assigned E values
based on elevation relative to the project outletTotal E values for each parcelra
calculated ashe area-weighted averagek value For example, Logan County SWCD
usesE valuesranging from 1.0 for O to 10 feet above th@roject outlet to 0.01 for 51
or more feet above the project outlet.

The Defiance County method (Eq. 8)
6 0z7Yz(z'0z20z"Y (8)

is similar to the Preble SWCD method, but introdes a subsurface drainage factor
(9. S values used by the Defiance CayrEngineer are given in Table 6Sranges
from 0.8 to 1.0 forthosewith subsurface drainage daining away from the project,
and from 1.0 to 1.2 forthose with subsurface drainagedraining into the project.
Parcels with no subsurface drainage are assigned an S value of 1Xfls approach
is interesting in that parcels with subsurface drainage draining awafrom the
project actually receive a lower S value than parcels with no subsurface drainage.
This meansa landownerwith a tile system draining away from the projectreceives
less drainagebenefit (lower S value)than a landowner with no subsurface drainge
system installed This maybe dueto the potential for tile-drained parcels b reduce
surfacerunoff entering the drainagesystem
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Table 6 Summary of S values assignduy the Defiance County Engineer @apted
from Atherton et al., 1999.

SubsurfacA AOAET ACA AOAE
Hydrologic Soil Group 801 OEA 8AxAU £EOIT T «

A 1.20 0.80
B 1.13 0.87
C 1.07 0.93
D 1.01 0.99

No subsurface drainage  1.00

Also surprising is the fact that for parcels with subsurface drainage draining into the

project, S values increase from the D to A soil grougsis is counter to the

hydrologic soil group factor (H)introduced in the Fairfield County method, where

soils with an increasing need for subsurface drainage receive higher H values.

Perhaps the oppositeapproach is taken with the S factor is to penalize landowners
whomay be overAOAET ET C j EBA8 AOAETEITC ! 1 AT AO OEAO
to be highly productive) and adding excess runoff and stress to the drainage system.

Methods Employing a Mort@omplicated Multiplicative Index

Those methods described by Atherton et al. (1999) and using more complex

multiplicative indices than those discussd above are covered in this section.

The Target Method (Eq. 9)
0 0270 9

also known as the ringmethod, uses concentric rings centered on the main project
outlet to partition the project area into segments that are assumed to have eq|
benefits. The ring factor (G is the relative benefit received by land within a given
ring. Using this method, lamls adjacent to the main project outlet are assumed to
have the greatest benefits, and are assigned a G value of M0ving outward from
the project outlet, successive rings argenerally assigned G values of 0.1 less than
the previous ring.

The Varied Met hod (Eg. 10)
6 02z QORY (10)

also known as the 100% Acres Methodts similar to methods described previously.

However, the factorsL and R are combined into a single terpfi(L, R) whichis

assigned to parcels based olocation within the drainage system, and generally

varies between 0.4 and 1.0Atherton A O Al 8 | pwwwdL @@k dOAA OEAOD
1.0 is assigned to parcels at the upper end and 0.4 to 0.5 assigned to parcels at the

1T xAO0 AT A T #is®plnatDrosudgestd thathé f(L, R)term is actually
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similar to a modified L term, and perhaps has little to do with the remoteness term,
R, as valusof f(L, R)will tend to increase agparcels become more remote and
higher in elevation relativeto the outlet.

The Parcel Benefit Factor Method (Eq. 11)
6 6z7Yz "QORY (11)

is similar to the Benefit Acres method, but differs in that the L and R terms are
combinedas in the Varied MethodThe calculation of thef(L, R)factor in the Parcel
Benefit Factor Method is diferent from the Varied Method in that tie L term is first
determined and then adjusted downward based on the distance between the center
of the parcel and the main channel of the projecthis approach seems to depend
more on the remoteness factor than the &ied Method.

The Paulding County Method (Eq. 12)
6 06z7Yz 0 YzUY (12)

adds the subsurface drainage factor (S) to the Parcel Benefit Factor Methdtle S
term is generally takento be 0.5 whenthe subsurface water drains away from the
project and 1.0in most other casesThe L-R term is similarto the way that thef(L,

R)term is handled in the Parcel Benefit Factor Method described above.

The Benefit Adjustment Formula (Eg. 13)
6 0zYz)z 'O Yz i) 0O O (13)

was developed to simplify the explanation of benefits calculations to propeyt

owners, yet is one of the most complicated methods of benefits assessments

discussed by Atherton et al. (1999)The factorsA, U, L, and H have been previously

discussdl; T is a surface drainage factor; N is a factor based on the need for

correction of adrainage problem for a parcel; M is assigned as the degree of

Dol Al Ai AT OOAAOEIT 1T OEAO OEA DPOI EAAO AEAI OAO
DOl AOAOEOGEOU AT A OAI OA AT EAT AAT AT O T &£ OEA DA
Four counties employ the Benefit Adjustreant Formula. For the surface drainage

factor, T, the minimum value of 1 is given for high slopes (25 to 35%), while the

maximum value of 10 is given for depressional areabl, the need for correction of a

drainage problem, varies from 0.1 for no new drainge benefits to 10 for areas with

severe problems threatening property and/or health.

The degree of problem carection afforded to each parcel(M) varies from 0 to 10,
based on an estimation of thextent to which current drainage needswill be
addressed bythe project. Only two of the four countiesusing this method include

the improvement factor I, whichis an estimation of the ével of productivity and
value added to a parcell values vary from 0 to 10, where 10 corresponds to a 100%
increase in productvity or land value.The | value is capped at a 100% increase,
while increases beyond 100%may be possibé. The values of the other factors (U, L,
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H) used in the Benefit Adjustment Formulamay differ slightly, but are similar to the
values used in other metods.

The Montgomery County Procedure (Eq. 14)
0 620z QONY 2723 020 (14)

introduces the factors V (runoff volume factor) and F (flood factor, related to a
reduction in flooding). The elevation (E) and remotenes$R) factors are combined
into a single term,f(E, R) E is defined as the elevation difference between the parcel
and the hydraulic grade line while R is defined as the distance from each parcel to
the point at which its runoff enters the main channel of the projecf(E, R)is
determined from a table usinge and Rvalues f(E, R)varies from 1 to 10and
decreases as both E and R increase.

The variableS, the subsurface drainage factor, is equal to 0.8 for parcels with
subsurface drainage draining away fom the project;1.0 is usa for all other cases.
The increase in productivity factor, I, is calculated differently in the Montgomery
County Procedure than it was irthe Benefit Adjustment Formula (Eq. 15)

O p1 60 7Y O Yw (15)

where CAUV is current agdultural use valuation, used in Ohio to measure land
values based on agricultural productivity. CAUV is the value assigned to the parcel

in question, while CAUMaxE O OEA 1 A@GEIT Oi #! 5 Accothgt®A OET OE
Atherton et al. (1999), the ideaisE AO OOEA DPOT EAAOwWtRh EI 1 DOl OEAA
ET AOAAOGAA POT AOAOCEITT ET bDOI PT OOEIT OiF OEA O0OA

#1568 EIT OlisAdemsidsbgiestithat all parcels will have a fixed
percentage increase in their CAUV values as a réisof a project.

The volume runoff factor, V, is calculated dsq. 16
W p1® YO AYU W (16)

where ROV is runoff volume (depth) from a design storm, R@\¥ the runoff depth

from the parcel in question, and RO¥n=100)is the runoff depth from a land usewith

a curve number of 100 &ll precipitation becomes runofffor CN = 100Q. The curve

T 0l AAO EO OOAA O1 AOOEI AOGA 0011 £&£ AADPOE & O
use, hydrologic soil group, and management.€.tillage practices).Thus,V is

proportional to the surface runoff generated by the desigstorm event.F, the flood

reduction factor, is similar to N (the need for drainage problem correction) used in

the Benefit Adjustment FormulaHigh Fvaluescorrespond to parcels wth severe

flooding problems that cause low property values or haards to health and safety;

low F values are assigned to properties that have little need for improved drainage.
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Methods Employing Derived Financial Benefits

Atherton et al. (1999) reported three additional methods which use derived
financial benefits as a basis for apportioning system benefit¥hese three methods
are the Moran Method, the Sectionalized Method, and the Miami County Method.

The Moran Method partitions benefits into two categories: obligation benefits and A
drainage benefits/ A1 ECAOET 1T AAT AEZEOO AOA OAI AGAA Oi
for the increased or accelerated runoff brought on by development of the parcel
AOT I EOO 1 Bvdnade Adnefitd® &¥d\ddffheddd Ghe result of providing or
improving outlets for surface and subsurface drainage systems, such as the increase
I O pi OAT OEAT ET AOAAOA ET AOi b POT AOCAOEI T 856
Obligation benefits are first calculatedasEq. 17:

0p 0202 0 a7)

where L is the runoff depth from a parcelunder current conditionsand \ is the
runoff depth from a parcel assuming its natural conditionThe sum of obligation
benefits for the entire drainage system is defiad as equal to the assessable cost of
the project. Therefore, the obligation benefit assigned to a parcel is given &s|. 18:

0rp 02 0 yM0 ; (18)

where B, EO OEA OAAT AA T AI ECAQET T AAlcdsEEO AAOAA
Because the sum of obligation benefits is set equal to the assessable cost, any further

benefits assigned to any parcels in the project area will result in project benefits

exceeding project costs.

Drainage benefits are calculated aBq. 19
6 06z'QONY 20 (19)

Thef(E, R)term is used much the same as in the Montgomery County Procedure,
where a matrix is used to determine thd(E, R)term based on E and R value§Vhile
the Montgomery County Procedure useRE, R)values that rangefrom 1 to 10, the
Moran Method instead allowsf(E, R)to vary from 0 to 1.This allows for certain
tracts z those high above the hydraulic grade line or very far from the main channel
Z to receive a drainage benefiassessment of zeroThere are five clas#gications for I,
the increased produdivity factor, varying from $0 for land that is not drained or
cannot be drainedto $115 per acrefor land that isdrained or needs to be drained.

Like the Moran Method, he Sectionalized Method uses obligation and drénage
benefits, but divides the drainage poject into reachesto more accurately account
for the differing costs associated withunique project areas.Costs (and benefits) are
determined for each of the reaches and partitioned amongst the benefitting parise

I DAOAAIT 6 Ois thels@iof its BeAdiitdfri@h Each of the projed reachesA
similar approach is used inOntario benefits assessmers which are discussed below.
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The Sectionalized Methodliffers fundamentally from the Moran Method in the way

it calculates obligation benefitsWhere the Moran Methodsets total obligation

AAT AZEOO ANOAI OI OEthe SedidndiZedANMethal sétsQeA OOAAT A A
obligation benefit equal to a portion of the assessable coSpecifically, the

obligation benefit is the assessable cost multiplied by the ratio of accelerated runoff
to total runoff from the project area This means that if 25 percent of @rojectd O
runoff is accelerated (due to change in land use from its natural state), the obligation
benefit will be 25 percent ofthe assessable cosiThe ratio of accelerated runoff to
total runoff must be less than if the assumption is madehat all land will produce
runoff in its natural state. The obligation benefit will always be less than the
assessale costand thusrequire some drainage benefifor benefits to exceed costs.

Drainage berefits are calculated as Eq. 20

6 Oz'QORYY z'QTY (20)
where SEO OEA EOAAAT AOA 1T £ OEA bAeBAHiEthe OOAOOOA
elevation difference between a drain pipe outlet and the bottom of the channel, or
above the channel water level during low flav conditions. There are two differences
between the drainage benefits calculation in the Sectionalized Method and the
Moran Method.First, The freeboard is added to the elevation and remoteness
factors to create a new variabld(E, R, §. This term is thesame as thd(E, R)term in
the Moran Method, but further reduces the term as freeboard increases.

Second, a subsurface drainage adjustment factor (S) is added to account for the
amount of project length that a parcel needs to use to achieve effective drage.To
calculate S, three new variables are definedylL;, Ls. Lq is the length of project that
must be improved to obtain full drainage benefit for the parcel in question,(lis the
length that water leaving the parcel in question travels to reach # project section
under consideration, and kis the length of channeln the section under
consideration.S depends on &, L, Lsas Eq. 21 (set)

for 0 0 Y 1
for 0 0 (21)
if 0 0 0 then Y ——

if 0 0 0 then 7Y p

so that S varies from zero to ondf the project reach in question is too far

downstream to providleAOAET ACA AAT AEZEOO O A DPAOAAT h OE/
zero. Furthermore, any drainage benefits assigned are based oroy the portion of

the project reach that is needed by a parcel to achieve full drainage benefifs in

the Moran method, the btal benefits for a parcel are the sum of obligation and

drainage benefits, which in the Sectionalized Method are summed for each of the

project reaches in question to achieve the total benefit for each parcel.
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The Miami County Method calculates drainage knefits based on drainage classes
Although it is unclear from Atherton et al. (1999) what these drainage classes
correspond to, itseemslikely they are based on the aforementioned USDA drainage
classes (A, B, C and Benefits are calculated agEq. 22).

& 406726 (22)

where A is the area corresponding to thgt" drainage class and is the adjusted
agricultural benefit for the jth drainage class.

The variableZz is givenasEq. 23:
© O rQORY 6z p Y (23)

where [;is the increase in productivity factor, G is the annualized per acre drainage
installation cost,and Sis a subsurface drainage factarhe f(E, R)term is used in a
manner similar to other methods, and varies from 0.1 to 1.( values ae taken

from a table and vary from O forwell-drained soil to 0.75 to very poorly drained soil.
The overall effect of the Miami County Method is to adjust the increase in
productivity term by the familiar term incorporating elevation and remoteness
terms. The resulting value is then adjusted downward based on the cost of drainage
installation and a factor to account for the need for artificial subsurface drainage.

The increase in productivity term, I, is calculated agq. 24:
O t0z20Z0z2Wij (24)

where N is the estimated net return per bushel fotthe ith crop, Y is the county
average Yield for theith crop, X is the percentage of thevatershed planted in theith
crop, and Y is the yield reduction factor for theith crop and thejt drainage classl

is calculated for each drainage classyiydepends on the drainage class, whileiNY,,
and X do not. The values for N Y, X, and Y;; are based on data from various federal,
state, and local sources.

Ontario

TEA /1 OAOEI $OAETACA ' A0 j/$!'q AAZEET AO OAOAE
constructed by any means, including the improving of a natural watercourse, and

includes works necessary to regulate the water table or water level within or on any

lands or to regulate the level of the waters of a drain, reservoir, lake or pond, and

includes a dam, embankment, wall, protective works or any combination thereof

(Section1).& OOOEAOI | OAh AAT AEEOO AOA AAEET AA AO O/
buildings or other structures from the construction, improvement, repair or

maintenance of a drainage works such as will result in a higher market value or

increased crop production or improved appearance or better control of surface or

subsurface water, or any other advantageselating to the betterment of lands, roads,

AOGEI AET CO T O (sé&toAD.The G pehaps bebkoadest definition of

benefitsin anyjurisdiction discussed in this report.
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There are two types of ditchesn Ontario: mutual agreementditches and petition

ditches. A petition is submitted by a landownerto the clerk of the municipality in

which the project is locatedto initiate the process for a drainage works projectlf

the council of the municipality decides to proceed with the projegtan ergineer is

appointed.4 EA AT CET AAO EO OEAT OANOEOAA O1 Oi AEA
requiring drainage as described in the petition and to prepare a report which shall

include,

1. plans, profiles and specifications of the drainage works, including a
description of the area requiring drainage;
2. an estimate of the total cost thereof;
3. an assessment of the amount or proportion of the cost of the works to be
assessed against every parcel of land and road for benefit, outlet liability and
injuring liability;
4. allowances, if any, to be paid to the owners of land affected by the drainage
works; and
5. 0OOAE 1T OEAO 1 AOOAOO AO AOA bPOiI OEAAA £ O Ol
ODA Gection 2] statesthe engineerGhall assess for benefit, outlet liability and
ET EOOET ¢ 1 EAAKAIEOlug Al O R AAIEA mBiOGektion DAAT A OEA
states that kenefits may be assigned tddands, roads, buildings, utilities or other
structures that are increased in value or are more easily maintained as a result of
the construction, improvement,maintenance or repair of a drainage work®
According toODA(Section23h 1T 001 AO 1T EAAEI EOU AAT AA ADPDIE
drainage works as an outlet, or for which, when the drainage works is constructed
or improved, an improved outlet is provided ether directly or indirectly through the
i AAEOI 1T &£ AT U T OETAEATA OVEA GMoR B0 OEMBBHAEAEAT T U
means to flow upon and injure any other land or road, the land or road from which
OEA xAOAO EO AAOOAA OI mlidbikyg whickhislto leA A OOEC
AAOAA OPI T OOEA OiI1 O0I A ATA OAOGA T &£ mEl T x 1
OEA ET EOOAASécthon2y. 1 O O AA6

T AA
£ C

Assessment of Blowances and compensationapproximately the same aslamages

as discussed in Minnesot®rainage Codetelating to drainage works are covered in
Sections 29 through 46 of ODAAllowances may be made for righbf-way access as

it pertains to drainage works (Section 29); damage to trees, fences, lawns, crops, etc.
(Section 30);existing drains (Section 31); damage due to an insufficientulet

(Section 32); andpermanent loss of access (Section 33Jhe engineer is responsible
for determining all allowances and compensation, and there is no specific guidance
givenfor how to determine the amourts of allowances or compensation.

Benefit assessment$orm the basis for cost apportionment for future maintenance
andrepair to drainage works; updated assessments replace previous assessments
for future maintenance and repair (Section 76)Benefits assesments are given as
percentages of the overall project costt is interesting to note that this approach
does notmeasure the costeffectiveness of a project, but simply apportions costs to
each tract based on the relative benefits that each tract receiseObjections to
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project cost could be raised by eithelandowner petition, the council, or by the
engineerat various stages of the project proces&ections 40, 42, 47and 48).

Example of Benefits Assignment

Dries and Todgham (1988) provided an excell® summary of thepracticalities of
assigning benefits in OntarioThis section deals entirely with their summary and an
example casdhey presented

The authors reported two methods of distributing the costs of a drainage workst
pro rata assessment ané new assessmenti pro rata assessment uses the benefit
percentages assigned to lands in the previous assessment to calculate the costs
assigned to each parcel in the current projedt parcel which was charged 10% of
the previous project cost would againpay 10% of the current project cost) This
requires no new assessment, but the authors reportetthat a pro rata assessment is
usually only done when the following five conditions are met:

1. The work is strictly the repair of anexisting municipal drain,

2. The work covers the same length of the drain as tHast previous report and
bylaw,

3. The work to be done is similar in all respects to the work under the previous
report - for instance, there are no bridges or culverts not covered in the last
report nor are there any new areas to be rigrapped o any new surface
water inlets,

4. The conditions and land use in the watershed have nehanged since the last
report, and

5. The Engineer who made the previous report and assessment was
knowledgeable and experienced.

When these conditions are not met, a new assessment should be carried out.

The authorsdiscussed an example case of assigning benefit, outlet liability, and
allowances within a drainage worksThe authorssummarized many rules guiding
the assignment processsone key rules are:

1. You cannot assess a property for any part of the cost of work that is done
upstream from it (unless this happens to be some type of cutoff or divers,
but this is a special case),

2. You cannot assess a property fdvenefit for work done sane distance
downstream although you can assess it fayutlet liability on this work,

3. You cannot assess fdoenefit lands that are na reasonably close to the drain
(Usually those assessed for Benefit are abutting the draim,erhaps, one
farm removed),

4. You would not normally make Benefit assessments on an area or acreage
basis but, rather, on the basis of "Benefit to be Derived" by each property.
While the frontage of a property along the drain may have some bearing on
its assessment, tharea of the property seldom has,
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5. You cannot assess those lands in the watershed which have a natural
drainage of their own. (These are usually the highlands towarce outer
edge of the watershed), and

6. You cannot assess those lands that are too low to make any use ofwuek
such as gravel pits, marl beds, etc.

Generally, rules 1 and 2 show thgproperty cannot be assessed for work dwe either
upstream or downstream ofthat property, except in the case of assigning outlet
liability. For these reasonsthe authors bega their example case by recommending
that the project length be split into appropriately sized reach segmentsn the order
of 300 to 1000 meters(about 1000 to 3200 feet). Applicable project costsare then
assigned to each project reachor each project reachthe affected lands can be
assigned relative benefits to coveproject costs relating to that reach

For each project reach, relevant costs are partitioned into benefits, outlet liability,
and special benefitsSpecial benefits are installations such asutverts, road
crossings, rail crossings, etclhe example discussed below will deal only with the
most downstream reach of the example presented kiyre authors. The costs of
special benefits are split up most easily before handling benefits and outlet
liabilities. A farm culvert was presentedas a special benefitin their example 80
percent of the cost of the culvert was assigned to one landowner (presumably this
landowner owned all of the land around the culvert), while the other 20 percent of
the culvert cost is apportioned equally to all acres upstream of the culverThis cost
apportionment must be made by the engineeusing professional judgment.

Following the apportionment of the costs associated with the special benefithe
remaining costs are thersplit between the adjoining (within the first project reach)
and upstream land parcelsThis isanother portion of benefits assignment where the
engineer must make a welinformed, professional decisionIn this case, theauthors
assigned 65 percent ofhe remaining liability to upstream lands, and 35 percent to
those lands within the first project reach.The 65 percent that is assigned to
upstream reaches is entirely outlet liability, as only outlet liability can be assigned to
reaches upstream of the pract reach(following rule 2 above). This 65 percent is
applied to each acre upstream from the first project reach on a p&rcre basis, with
each acre being charged the same outlgability (these same parcels will be charged
an additional outlet liability when the next upstream section is considered; the
$5.13 is a flat rate because all water draining from the upstream reach has its water
pass into the first reach at the most upstream point)n the example, the authors
arrived at an outlet liability of $5.13 per acrefor the each acre in the upstream
project reach.This value is used as a starting point to determine the outlet liability
for each parcel within the first project reach.

The authors use a methodology that assigns a weighted outlet liability tsach parcel

in the first project reach based onts position (more upstream or more

downstream) in the project reach By this logic, the upstream parcels use more of

the reach as an outlet, and the downstream parcels use less of the reach as an outlet.
The practice employed by the authors is to vary the outlet liability from $0.00 per
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acre at the downstream end of the first project reach to $5.13 per acre at the
upstream end.The first project reach is then split into appropriate land parcels and
each parel is given an outlet liability (on a peracre basis) based on the position
within the first project reach at which its drainage water outlets to the drainAfter
the total outlet liability for all parcels within the first project reach is determined,
the remaining cost must be apportioned to parcels within the first project reach
AAOGAA T 1 AAAE Thé hdrdldtie Oenditd bf Allfz4 @18 within the
first project reach are to be determined nextThis determination is done based on
the professional judgment of the engineer, and completes the engineBrassessment
of the first project reach.Benefits, outlet benefits, and special benefits can then be
computed iteratively for each of the upstream project reache$eginning with the
next sectionupstream.

Scientific Approach to Benefits Assessments

With the aim of creating an objective benefit assessment procedur&engtson,
Drablos, and Jones (19%) created an approach ¢ benefits assessments based on
relevant physical features.The study had thee goals:

1. toidentify the physical features that influence drainage benefits

2. to determine the relative degree of influence of each of tise features on
drainage benefits and

3. to formulate an assessment procedure based dhe correlation between the
significant physical features and drainage benefits

Based on previous work, the authors identifiedix factors that they believed best
correlated to drainage benefits:

horizontal distance to the main drain
horizontal distance to the main drain outlet
change in devation to the main drain
change in elevation to the main drain outlet
soil permeability

soil productivity rating

oukwnpE

The authors proposed the followingfor benefits (Eq. 25):

z

- 05— 0~ 0~ 0—= 0 (25)

A N s o~ A = .z

where AisA O Odbamdyé lienefit, X is the depth of the main drain corresporiy
to the tract, Y isthe relative elevation between the mean plain of the tract and the
main drain outlet, L is the shortest horizontal distance from the centroid of the tract
to the main drain, P is the productivity rating of soil in the tract, D is the shortest
horizontal distance from the centroid of the tract to the main drain outlet, and K is
the coefficient of permeabilty relating to the tract. n subscripts correspond to the
nthbDAOAAIT h AdorfespOra to thO©aRiinuin values for any parcdbund in
the drainagesystem.For example, D* is the maximum horizontal distance from any
tract in the system to the main drain outlet, while K¥s the maximum soil
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permeability in the system%AAE T £ OEA 086 OAOI O 1 AU AT O0OAO

The A* term is the maximumoverall benefit to anyone parcel, thusA, will vary from
zero to one.The Cterms are coefficients used to equate the two sides of the
equation.

A multiple regression approach was used to determine the appropriate coefficients
for the equationbased on wo drainage systems in lllinois The benefitsto each plot
were taken to be equal to increases in crop yields that were due to tile drainageo
determine crop yield increases, crop yield records were examined for the two years
before and after drainage istallation; adjustments were made for weather variation
The relevant physical features discussed above were estimated for each parcel in
the drainage systemsThe initial multiple regression revealed that the factors k/L*,
Dn/D*, and Ki/K* were more than twice as important as the variables XX*, Yn/Y*,
and R/P*. Further work, including the analysis of more land parcels, resulted in the
final equation (Eq. 26):

0 P8 YT U T ¥@— T8 QYT— T8 T FT1— (26)

Increasing values oL, Dy, and k; result in lower benefits; this corresponds to

parcels further from the drain and drain outlet, and those with higher soll
permeability. This supports the theory that those parcels which are lower in the
landscape (¢oser to the drain and the drain outlet) and those with lower soll
permeability have a greater need for drainage, and thus are assigned higher relative
benefits. The minimum value forAn is approximately 0.23(as all fractions approach
one), while the theaetical maximum value is 1.4845as all fractions approach zero)
The predicted benefits were compared to assigned benefits (those determined
independently by the drainage district) in two lllinois drainage systems and showed
good agreement between predictd and actual benefits.

Comparison to Urban Stormwater SystermmsMinnesota

Background

Urban stormwater systems in the United States are regulated as Municipal Separate
Storm Sewer Systems (MS4s) according to the National Pollution Discharge
Elimination System (NPDES), which is part of the Clean Water Act (CWAhe
United States Environmental Protection Agency (USEPA) was given the
responsibility of creating water quality standards and administering permits
required under CWA and NPDE$ Minnesota, thisresponsibility has been taken
over by Minnesota Pollution Control Agency (MPCAA municipal separate storm
sewer system is a conveyance or system of conveyances (roads with drainage
systems, municipal streets, catch basins, curbs, gutters, ditches, maade channels,
storm drains, etc) that are:

1 owned or operated by a state, city, town, borough, county, parish, district,
association, or other public body (created by or pursuant to State law) having
jurisdiction over disposal of sewage, industrial wastesstormwater, or other
wastes8 NN
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1 designed or used for collecting or conveying stormwater;
1 not a combined sewer; and
1 not part of a publicly owned treatment works.

There are three types of MS4s: mandatory, designated, and petitidgtorm sewer

systems either tilly or partially within urbanized areas (areas with a total

population of at least 50,000 and a population density of at least 1,000 people per

square mile) are categorized as mandatory MS48ities or townships with a

population of at least 10,000 are ciegorized as designated MS4€ities or

townships with a population of at least 5,000 are also categorized as designated

310 xEAI OEAEO OUOOAI O AEOAEAOCA j1 0 EAOA ¢
IO Bi1 11 OCratiion MB46 &eeStabishedhfter a successful public petition

to MPCAThere are 192 mandatory MS4s (as of 2007) and 43 designated MS4s (19

of which have populations of 10,000 or less) in Minnesota{PCA, 2012.

The MS4 operator/owner collects tax assessments to in order to meet the
requirements specified by MPCA, as well as to maintain adequate drainage of
stormwater. MS4 maintenance and improvements (as needed) help to reduce the
risk of property damage and injuryresulting from heavy rainfall and runoff events
and is thus an impotant service for taxpayers.

To combat MS4 network expansion and improvement costs, MS4 ownensd other
special purpose governmental entitiehave found innovative solutions that help
reduce overall system cost (and thereby the tax burden of landowners),hite
reducing stress on the current infrastructure and also potenally improving water
quality.

Capitol Region Watershed District

The Capitol Region Watershed District (CRWD) is a watershed districbmprising
parts of five cities in Ramsey County, Minnesa. The CRWD area is urban, with a
population of approximately 245,000 and an area of 40.6 square miles (CRWD
2010). CRWD does not owror operate an MS4 but offers reimbursement and grant
programs to help pay for rain barrels, rain gardens, pervious pa&ament, green roofs,
and other projects (CRWD, 2012)

These grants are limited to $2,000 for singkdamily homes, and $10,000 for other

properties (schools,homeownerO d@ssociations etc.).The grants help support

#27%$60 | EOOET T 1 £ OAdAndplotrg QinodWeter giadity. OT 1 O A Al
Projects such as rain gardens rain barrels will certainly reduce the amount of runoff

entering an MS4, bubecausethese systems are owned by municipalities and not

the watershed district, CRWD does not offer reductions itax assessments to

homeowners who adopt these practicesThis highlights the differencebetween

incentives thatOAAOAA ET 1T AT xT AOOGS 11 Cdogsh@ingDA@ AOOAOO
measures that help pay for installation obest management practice§BMPS.
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City d Minneapolis

The City of Minneapolis charges a stormwater utility feewhich is based on
equivalent stormwater units (ESU)(City of Minneapolis, 2011). ESU is a measure of
the amount of impervious surface within a property.One ESU is equivalent to 1,530
square feetof impervious areg the stormwater utility fee is $11.34 per month per
ESU(current as of 2011) For simplification, single-family homes are grouped into
three ESU categories for assessment of the stormwater utility fe@roup 1(less than
1,485 square feet of impervious surface) is charged at 0.75 ESU ($8.57 per month);
Group 2 (1,486 to 1,585 square feet of impervious area) is charged at 1.00 ESU
($11.34 per month); and Group 3 (1,586 square feet or more of impervious area) is
charged at 1.25ESU ($14.27 per month) (City of Minneapolis, 2011or all other
properties, the stormwater utility fee is based on the actual ESUs the property
contains.For example, a commercial lot having 4,590 square feet of impervious
surface would contain 3 ESU, ahwould therefore be assessed monthly

stormwater utility fee of $34.02.

yT A1 A£EAEI 00 O1 OAAOAA 11T AAET ¢ O OEA AEOUGC
water quality improvements, the City of Minneapolis has two programs through

which property owners are able to reduce (oreven complete remove@ their monthly

stormwater utility fee. These programs are the StormwateQuality Credit Program

and Stormwater Quantity Credit Program.The Stormwater Quality Credit Program

provides a credit (or reduction) ofup to 50percenti £ A 1 AT AT x1T A0 O OOT1 OIi
utility fee for installing BMPs that address water quality(rain gardens, infiltration

trenches, etc.) City of Minneapolis, 2011) The Stormwater Quantity Credit Program

provides a credit ranging from50to 16t PAOAAT O T £ A POI PAOOU 1 x1

utility fee for installing BMPs that address water quantity(City of Minneapolis,

2012a). Credits are cumulative, and may not exceed 100 percerCity of

Minneapolis, 2012). A singlefamily home in Group 2 couldsave more than $68

every year by achieving a 50 percent credit.

For the Stormwater Quality Credit Program, property owners must submit an

ApbPl EAAOCEIT OEAO AAOAEI O OEA Ei DAOOETI OO AOAA
stormwater utility fee, and the installed BMPs with their corresponding treatment

areas.The impervious area treated by the BMP(s) is used to compute the percentage

I £/ OEA POI PAOOUG O EIi brhedidninwaiér utiitpideA OEAO EO OC
reduction is then computed as one half of thpercentage of impervious area that is

treated on the property. For example, if a house having an impervious surface area

of 1000 square feet installs a rain garden to treat runoff from 400 square feet of

impervious surface, the percentage of impervious aeetreated would be 40 percent,

and the reduction in the stormwater utility fee would be 20 percent (or half of 40

percent). The credit is limited to 50% of the stormwater utility fee due to the fact

that the fee reduction is equal to half of the imperviouarea treated(City of

Minneapolis, 2011)

Application for the Stormwater Quantity Credit Program is similar to that discussed
above, but slightly more rigorous.To receive a fee reduction under this programa
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state-licensed engineer or landscape architéanust certify the application.
Furthermore, the homeowner must demonstrate that the installed BMPs have the
ability to handle at least a 10 or 100-year storm event (of SCS Type IlProperties
demonstrating the ability to handle a 10year storm event areeligible for a fee
reduction of 50 percent, while those able to handle a 10Qear storm event are
eligible for a 100 percent reduction in the stormwater utility fee(City of
Minneapolis, 2012a) This program is unique in that it may be feasile to install
BMPs to meet theseriteria on properties of any size.This is due to the fact that the
ESU scheme used by the City of Minneapolis is scaled to the lot gitarger
properties have more to gain by reducing their stormwater utility fee, but they will
alsolikely need to install a larger and more expensive BMP structure to handle the
runoff from a lot with an increased impervious area.

Cities oBurnsvilleMankato, Roseville, Saint Cloud, and Saint Paul

No stormwater utility fee credits similar to the programs in place in Minneapolis
were found with a brief review of several cities ranging in population from
approximately 30,000 to 300,000 All five of the cities reviewed had SWPPPs
(stormwater pollution prevention plans), but no grant, cost sharing or feeeduction
schemes City of Burnsville, City of Mankato City of Roseville, City of Saint Cloud,
City of Saint Paul)

Summaryof Current Benefit Assessments

SWCDs and similar agencies encourage adoption of BMPs through grants and-cost
sharing programs to ofset BMP installation cost, but offer no ongoing cost savings
Programs enacted by the City of Minneapolis differ in that they do not reduce the
costs of installing BMPs, but instead promise a reduction in stormwater utility fees.
This is based on the ideghat reduced runoff will alleviate stress on the MS4, and
thereby reduce system costd.ike the City of Minneapolis MS4, funding for a public
drainage system comes from landowners who benefit from the systerRunds
collected by both an MS4 and a drainageuthority are spent on system repair,
improvement, and administration. Because the users are payg directly for the
system, any reduction in system costs wilbe passed orto benefitted landowners.In
a perfect world,any savings realized should be passezh to those landowners
whose actions directly caused the saving3his project is a step in that direction.
While some changes will inevitably need to be mader the agricultural lands

within drainage systems the general principk that the City of Minneapolis uses
incentives for landowners to reduce runoff can le applied to public drainage
systems in Minnesota.

There are a variety of methods employed across several states and in Ontario to
assign benefits and damages to affected lands within drainage sgi1s. These
methods apply varying levels of rigor to accomplish the goaif apportioning system
benefits amongst affected landownersA few methods explored in this report take
land use into consideration when determiring benefits;three additional methods
used in Ohio consider runoff @pth generated by a parcel in benefits determination
The thorough understanding of benefit and cost determination methods in other
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jurisdictions developed in this report will inform the process of suggesting changes
to beneft and cost assessments in Minnesota.

a7



Chapter 4
APPLICATION OF GIS METHODS

Introduction

GIS (geographic information system)s a powerful tool for manipulating spatial data
and therefore has the potential to reduce the cost afitch viewing and reporting.
There are many possible options for using GIS in assessing the benefitsi@inage
to parcels of land.For example, data layers could be created using tleerrent
classification system Changes in benefits based on land value or the price of
commodities could then be easily computedGIS could also be used to assist in the
identification of benefit classesAlthough field inspection would still be required,
the time required to perform this inspection could be reducedAs a final example,
GIS methods ca be coupled with hydrologic models to provide quantitative
estimate of the flow rates and volume being discharged to the drainage system.

This chapter will focus onGIS methodaused in this projectthat are not linked to
hydrologic models.Project activities to incorporate Minnesota method within a GIS
framework are presented first. These activities focused on algorithms to
automatically estimate the spatial extents of the benefit classes within each parcel
The JD 4 drainage ditch discussed in Chaptéwasused to test these algorithms.
GIS méhods were also developed for applying th@®hio method This activity
allowed an easy comparison of the Ohio and Minnesota methods for the JD 4
drainage ditch.

JD 4 Viewer's RepoMVithin GIS Framework

ConversiorProcess

To allow for easy comparison of different methods to assess drainage benefits, it
was necessary to convert the values of the views report into GIS framework.GIS
representation is a convenient format to elaborate on features of the Minnesota
method given in Chapter 2The conversion of the viewer's report required the use

of GIS tools tacreate benefit layers.The layers were created using elevation (LIDAR
DEM of 2m resolution), soils (SSURGO databases), aerial photographs, and {and
parcel boundary data sets.

471 OA1 AAOAACA &£ O AAAE AATAEEO Al AOO AU DPAOA
and mapped so that good agreement was achieved between the assessed acreage
and themapped acreage for each parcdh general, A and D benefit classes wer
most easily mapped and were performed first. Relatively few parcels contained land
assigned to the A benefit class; this land is fairly easy to identify from both DEM and
soils layers.An iterative approach was used to achieve the correct amount of larmal
the A benefit class.Land in the D benefit class wasimilarly identified as the land
generally highestin elevation in the parcel and mapped as soil with a high land
capability classwith little or no excess water issuegperhapsa 1 or 2, generally
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x EOQET O @pphoxirdately Gh8 quarter of all acres within the JD4ub-watershed
were A or D.The C benefit class predominated amongst the remaining acrésnds
in the B benefit class were identified as those remaining acres most in need of
drainage basedon elevation and soils information All remaining acreage was
mapped as C.

The level of detalET OEA O E Aelgedt®lonit tDelebrdrsOr@de in mapping
the benefits, as no line contains more than 40 acreé summary of the acreage
reported by the viewers and determinad through GIS mapping is given in Table.7
There are small differences in each benefit clasbut the two methods showed good
agreement for the total benefitted acresOverall, the GIS exercise identified about 10
acres morebeneftted land OEAT OEA OEAxAO0OO0O8 OADPITI 008

Table 7. Summary of JD4 acreage reported by viewers and mapped at UMN by
benefit class.

Acreage by Benefit Class
Non-
benefitted el
A B C D D-
SEAXAC o 364 20565 884 5 8345 3635
report
GIS
: 41.8 3645 2260.8 891.6 5.2 80.8 3644.7
mapping
Error 0.57% 0.14% 0.19% 0.86% 4.10% 3.16% 0.27%
MappingResults

The mapping results of the fraction of the net and gross benefits have been

previously shown by Figures 1 and 2. A GIS mapthe net drainage beneits in JD4

are shown in Figure 3Figure 4shows the overall efficiency assigned to each of the
parcels within JD4.The net benefits are defined as the product of the gross beitef

and the overall efficiency.The line showing the a&tents of the drainage district is
approximate and does not align perfectly with the extent of benefitted acres

determined by the viewers- AT U | £ OEA OEI 1 A0G6 1T £ xEEOA
drainage system are due tonissingdatac I OEA OEAxAO008 OADI 00

While the net benefits shown on the map are representeaksing a continuous scale
the lands within JD4 can be loosely categorized visuallgr the four benefit classes
based onthe darkness ofcolor. The darkest color corresponds to the A benefit class
with a gross benefit of $4950 per acre, while the lightest color corresponds to the D
benefit class, with a gross benefit of $54@Vithin each group of benefit class, there
are slight differences in the net benefit due to differences iaverall efficiency.
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There are many other areas thaare dark in color, which correspond to field scale
depressions Growing crops in these areas would have bedifficult, if not
impossible, without drainage.Many of the dark areas have a relatively high
efficiency due to the fact that they tend to be close to the drainage system.

The seconddarkest areason the mapcorrespond to the B benefit clasdVlany of
these areas are seen abutting the A benefit class areas around the ditch syst&m
the remaining areas, the vast majoty are grouped into the C benefit classlhere are
some discernible differences between different lands within the C benefit class as
the parcels become more remote from the drainage systerfihe lightest colored
areas tend to correspond to the D benefitlass, or lands within the C benefit class
with low efficiency values.

Legend
e D4

Drainage network

E Drainage District

A Ditch outlet
e  Populated Places
Benefit per acre

. High : $4950/acre

Low : $49/acre

: W¢E
1 05 0 1 Miles

Figure 3 Mapped net drainage benefits witin JD4.
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Figure 4. Overall dficiency by parcel within JD4.

Most of thedark red areas (hose with the highest deéermined net drainage beefits
in Figure 3) closely follow both the open ditch and public tile mainsThe drainage
system is generally constructed to follow the lowest areas where water tends to
collect and flow toward the drainage system (both through surface and subsurface
pathways). Those areas along the naturally lowying areas were historially wet
areas where drainages necessary to achieve high agricultural productivityln some
cases, drainage may have been necessgugt to allow machinery to enter fields to
plant crops.

While the viewersreport assigned benefits on a parceby-parcel basis, they often
assess each parcel on a sdily-soil basis.This means that they partition each parcel
into distinct areas where the soil has been mapped as a single ar&ais is a further
level of detail that is not reported to drainage authorities or landowners, but helps

O AT T PAOOI AT OAIl EUA OEAXxAOOS xi OE ET O]
outtheirwork.) O Al O OEIi Pl EAEAO OEAxAOOS alMyl OE

fall largely within two benefit classesFor example, when mapped correctly, a sandy

soil that is common on hill tops will likely never be assigned a benefit class of A or B.

Errors in soil mapping may create exceptions, but this is largely not the sa.
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Comparison of Ohi@and MinnesotaMethods

Methodology

The methods used in Ohio showed the most promise as an altetiva to the
Minnesota Methods.To allow for comparison between the two approachs, the Ohio
method was applied to the JD 4 watshed.Because many Ohio methods are
mathematical formulaswhere benefits are products of multiple factorsijt was
necessaryto create GIS layers for eacFactor affecting benefit determination.

A summary of the Ohio methods has previously been given Bable 5.There are17
benefit determination methods. GIS layers foland use(U), length(L), remoteness

(R), and hydrologic soil group(H) factors were computed based onnformation

from several sourcesThe four layers created were used because of the relative ease
in determining those factors by using databases (for U and H) or GIS techniques to
compute the factors for JD4 (L and RY.he layers were computed in a way that was
consistent with the descriptions given by Atherton et al. (1999)Development of
additional layers was hindered by time constraints, data availability, andn some
casesa lack of understanding or experience with how the factors should or would

be computed.

The land use GIS layer was computed from the National Land Cover Database
(NLCD).Length and remoteness layers were computed based on the drainage
system network. The length factor is directly related to the percentage of the
drainage system through which its water flowsThe remoteness factor is a masure
of the distance from aparcel tothe drainage system, effectively the shortedlistance

thataDAOAAI 60 AOAET ACA xAOAO xEI I OOAOAI Oi

Parcels abutting the system are assigned remoteness values close to one and the
value decreaseqto zero, presumably) asone movesaway from the drainage system.

Figure 5shows the interpretation of the Remoteness Factor, R as applied to JD4.
Remoteness from the Ohio methods is similar to theverall efficiency used by
viewers in Minnesota.The description of various Ohio rethods suggested that
public tile mains should be included as part of the drainage systefar the purposes
of determining R, while it can be seen in Figure 4hat the overall efficiency used in
Minnesota is only relative to the section of the drainge sysem that is an open ditch
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Figure 5. The Remoteness factor, R, as applied to JD4.

There is a slight difference between the graduated decreases in overall efficiency
seen in the Minnesota method and the continuous decrsa in R seen in the Ohio
method. There was some uncertainty about the minimum R value that is used in
Ohio, but a value of zero was used heréhe remoteness factor, R, does not consider
productivity losses due to standing water, or reductions in efficiency due to
undersized tile mains.Evenso, it is expected that the remoteness factor, R, could
easily produce results very similar to the overall efficiency if the differences in the
extent of the drainage system considered and the ranges of values (i.e. zero to one)
were reconciled.

Thelength factor, L, is shown in Figure 6. While the length factor stands in stark
contrast to the remoteness factor, it does have its merittandowners in the upper
reaches are further from thewatershed outlet, and thus theirwater must travel
through more of the drainage system (both public tile mains and open ditch) than
water from parcels near the outletParcels near the outlet have little use or need for
the upper reaches of the drainage ditch, only the sections that their drainage water
travels through. There is no apparent correlation between the length factor and the
methodology currently used in Minnesota.
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Figure 6. The Length factor, L, as applied to JD4.

Theland use factor, U, as apftied to JD4 is shown in Figure Aand use within JD4s
almost entirely agricultural, although forested and natural areasxist within the
watershed. Agricultural areas are assigned a land use factor of tbads a value of 2,
while undeveloped areas are assigned a land use factor of OThis is similar to the
way in which undeveloped lands (or lands permanently removed from agricultural
production) are given a gross benefit of zero in the current Minnesota method.
Including land use in the benefits calculation is only useful in distinguishing
agricultural lands from commercial, road, or undeveloped land uses, and will
provide little help in distinguishing the benefits that should be assigned to different
agricultural lands.
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Figure 7. The Land Use factor, U, as applied to JD4.

Figure 8shows the distribution of hydrolo gic soil groups within JD4, while Figure 9
shows thehydrologic soil groups translated into thefactor H. H equals 0.25, 0.5,
0.75 and 0.1 for A, B, C, and D hydrologic soil groups, respectiv8{D (a hydrologic
soil group D in the undrained condition anl group B in the drained condition)is the
dominant hydrologic soil group within JD4.Hydrologic soil group D is the group
most needing drainage, while A is the group that needs drainage the leaghis is the
exactopposite of the benefits classes used byewers (where A is the land most in
need of drainage, while D areas where drainage provides only slight benefits).

For the purposes of mapping H, the value for the undrained condition (D) was used
instead of the drained condition (B) for the B/D soil This is consistent with the
general approach of viewers in Minnesota to assess benefits based on the need for
drainage given the original condition of the land or on the degree to which drainage
improves the productivity of a given areaA more reasonable aproach for use in
Minnesota might be to base the H factor on the degree to which drainage improves
the situation on the field.This would perhaps assign a value of 0.5 to a B/D soil (0.5
=170.5) or a value of 0.25 to a C/D soil (0.25 =20.75).
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Figure 8. Hydrologic soil goups within JD4.
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Figure 9. The hydrologic soil goup factor, H, as applied to JD4.
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Figure 10 shows the combination of the L, R, U and H factors to assessridiative
benefits for JD4 using the Ohio Method.

Figure 10. Relative benefits, as applied to JD4.

Discussion

The analysis of Ohio methods was limited by the number of GIS layers that could be
easily produced to replicate relevant drainage factorslhe Fairfield County method
that usesthe factors R, L, U, and tas therefore for selected for compason to the
Minnesota Method.A comparisonof the two methodsis shown in Figure 11 There
are significant differences between the two methodsThe Ohio method show larger
benefits for drainage areas located farther from the olgt. Roads are also
highlighted as having greater bengts from the drainage systemThe Minnesota
method identified depressional aeas as having larger benefitsSThese areas were
not identified in the Ohio method.In general, areas located next to drainage
channels were assigned largebenefits than other parcelsThere is insufficient
evidence to recommend replacing the current Minnesota method with the Ohio
method.
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